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PREFACE. 


The epilogistic nature of a preface is generally recognised, 
especially in the case of a reprinted serial such as this. I take the 
opportunity, therefore, of giving more precision to the number of 
species as mentioned in the Introduction. Since that was written 
a careful examination of the number of species and genera in the 
Compositae which are upheld in the Index Kewensis and its 
Supplements up to 1910 has been completed, and has given the 
following figures. Total number of genera — 997 ; genera not in the 
Genera Plantarum of Bentham and Hooker — 199, of which 54 are 
old genera sunk in the original Index and resuscitated in the 
Supplements; 145 are new genera described since 1873. Total 
number of species — 22,749, without including the g^mxs Hieracium^ 
of which it is estimated that about 6,000 microspecies have been 
described. 

Several points have been revised or modified during publication. 
The most important is the production of new evidence for the 
trichome nature of the pappus (p, 284). Other points which may be 
indicated are the change in the position of the Homochrominae to 
the position of basal sub-tribe of the Astereae (p. 306), the change in 
the position of the Eu-gnaphalieae to that of basal series in the 
Gnaphaliinse (p. 302), the change in the derivation of the 
Helenieae from the Senecionese instead of from the Heliantheai 
(p. 312), and the various minor changes in the positions of some sub- 
tribes which are given in Chapter XI II. 

Although a full index has not been provided it is hoped that the 
ietailed Table of Contents together with the Index to Genera (p.327) 
may be a sufficient guide to the. contents of the volume. 

I would use this opportunity also to thank the many friends 
who have helped me with references to literature, material and 
iriticisms; especially would I thank the Director of the Royal 
Botanic Gardens, Kew, the Regius Keeper of the Royal Botanic 
3arden, Edinburgh, and the Keeper of Botany, British Museum, 
for free access to living and herbarium specimens. 



vi Preface. 

In his Hooker Lecture to the Linnean Society of London* 
Professor P, O. Bower, after giving an account of phylesis in the 
Pilicales, said “The Angiosperms offer a still wider Held; but it suffers 
from deficiencies of evidence, which have already been explained. . 

What is urgently needed forsuccess amid themultiplicity 

of their lines of progress is a widening of the bases of comparison. 
There must be a recognitionof new criteria. A revision of the relative 
values of the old criteria will also be necessary.” This account of the 
Compositae is the outcome of a study of the family extending over 
about ten years. One of the most notable results is the opening up of 
the numerous lines of research which are indicated throughout the 
text, and in which I hope others will find the interest that leads to 
further research. In so far as success has been achieved in the 
unravelling of the tangled skein of the descent of this particularly 
large group of Angiosperms, it is due to the recognition of new 
criteria and the critical revision of the old criteria. 

Apart, however, from any scientific progress which has been 
made in our knowledge of the Compositae, the study of this wonder- 
ful group has become a labour of love, as it has always been with 
those who, like Berkhey, Cassini, Remy and Bentham, have 
attained an esoteric knowledge of the family of which J. J, Rousseau 
wrote — “ On voit, dans les Compos(^es, des metamorphoses et un 
enchainement de merveilles qui tiennent tout esprit sain qui les 
observe dans une continuelle admiration.” 

September, 1919. 

' Jour. Linn. Soc., Bot., XLIV. 11)18. 


J. s. 
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THE ORIGIN AND DEVELOPMENT OF 
THE COMPOSIT.E. 

By Jambs Small, M.Sc. (Lond.), Ph.C. 
INTRODUCTION. 

T he present essay is an attempt to throw light on some of the 
problems of evolution by the intensive study of a single 
successful group. In 1874, when the section on Compositae of 
Bentham and Hooker’s Genera Plautarum (8) was published, the 
family included over 10,000 species; in 1897 when Hoffman com- 
pleted the corresponding section of Engler and Prantl’s Pflanzen- 
faniilien (42) the number had risen to over 13,000; in the Index 
Kewensis and its supplements up to 1910 there are approximately 
30,000 species in the family. In such a well-defined and closely 
inter-related family the genera tend to be founded on slighter 
differences than in other families and the species tend to 
become elementary or completely artificial rather than Linnean, so 
slight are the differences which are here considered to be sufficient 
for taxonomic purposes. In spite of this technicality the larger 
groups are more or less natural and the numerous intermediate 
forms between genera and tribes make the family a favourable 
subject for evolutionary studies. 

The general habit varies so much with climatic and geographical 
situation that the vegetative characters are of little value in the 
study of the inter-relationships of the tribes, but there are cases 
where these features, added to well-marked floral relationships, 
confirm the lines of development already indicated. The physiology 
[irritability of the pollen-presentation mechanism, latex, etc.) and 
the cytology can be shown to develop in conjunction with the 
changes in floral structure, but ultimately the morphology of the 
dower and capitulum is the real test of relationship and development. 
The study of the details of the flower in this homogeneous group 
)ecomes, therefore, particularly important, and as there is least 
rariation in the essential parts of the flower these must be considered 
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Introduction. 


more important than the very variable non-essential parts. This 
was recognised by the first synantherologist, Cassini, and is 
confirmed by Bentham, the only other botanist who has studied the 
Compositse sufficiently profoundly to express a sound and independ- 
ent opinion. 

After dealing with the history of the Compositse we shall, 
therefore, consider the variation in the form and structure of the 
styles and stamens. As these are closely connected in the work of 
pollen-presentation the development of that mechanism, including its 
susceptibility to stimuli, is of first importance. 

The variations in the corolla are considered in relation to the 
floral development and insect visitors ; the variations in the pappus 
are considered in relation to the component parts of the trichome 
and the dispersal of the seeds. The characters of the receptacle 
and involucre are considered in relation to their development as 
indicated by closely allied forms of receptacle and involucre and in 
relation to the lines of evolution suggested by the examination of 
less variable parts of the capitulum. The various phylogenetic lines 
indicated by the critical examination of these floral characters are 
tested by the geographical distribution of the groups and the 
phyllotaxis and cytology of the family are found to follow the phylo- 
genetic lines established by the preceding investigation. 

In the discussion of the inter-relationships of the tribes and 
genera, use is made of the modern theories of heredity, evolution 
and geographical distribution. Some of these may be regarded as 
rather speculative, but their use isconsidered justified by the coherent 
account of the evolution of the family which results. Lines for 
further research are abundantly indicated and correction or confirm- 
ation of the views expressed will be sought along the various lines of 
physiological relationships, cytological and geological development 
and the details of geographical distribution. 
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CHAPTER 1. 

HISTORY OF THE CLASSIFICATION OF THE COMPOSITA2. 

I N the histOKy of synantherology the classifications of the taxo- 
nomists have been in the majority of cases more or less artiBcial 
attempts at grouping related genera and only a few have made any 
attempt at expressing the affinities of the tribes and sub-tribes. On 
theother hand a number of students of the Compositse have expressed 
views concerning the relationships of the tribes, but these views 
have been founded in some cases on somewhat limited enquiries into 
the anatomy and morphology of a number of genera. 

It has been found convenient, therefore, to discuss the history 
of the grouping of the genera into tribes and the history of the 
grouping of the tribes according to their supposed relationships in 
separate sub-sections. 

A. Taxonomy. 

The present sub-section deals not so much with the precise 
details of the classification of the family as^ with the evolution of 
the idea of the family as such and of the ideas of the different 
tribes as groups. It is an attempt to trace this evolution from the 
first more or less sub-conscious grouping of Sonchus, Cichoriutn and 
other Cichorie* by Theophrastus to the modern conceptions of 
the divisions and sub-divisions of this immense and homogeneous 
mass of species. 

Ancient Systems. 

Theophrastus. Circa B.C. 320. 

The origin of the idea of two of the tribes of the family, the 
Cichorieae and Cynareae, seems to be lost in antiquity like the origin 
of some other very natural groups, which, as Greene (37) says, must 
have been recognised by primitive man from the earliest times. 
They are distinguished very clearly by Theophrastus in his Enquiry 
into Plants (83). The chicory-like plants (/cix^ptASi;) discussed 
in Book VII, Chapter XI, include Cichoriutn, Hypocharis, Taraxacum 
and Picris, all described and distinguished from one another and 
given, moreover, only as examples of the class. The distinguishing 
characters of the grouparegiven clearly and concisely. Theophrastus 
also mentions in Book I, Chapter X, the pine-thistle and “ all the 
plants which belong to that class,” the dKovwSwv or uKav$u)Swv, 
As he mentions the Acanaceae again more than once it is obvious 
that the recognition of the Cynarese as a group was to Theophrastus 
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a commonplace. In Book I, Chapter XI 11, he also describes a 
group of plants distinguished by having the flower on the top of the 
actual seeds and with one flower attached to each seed ; as these 
are described as “ all thistle-like plants it seems tolerably certain 
that in addition to Cichorieaj and Cynareae this perspicacious 
Greek recognised the Compositae as a class. The only other large 
obviously natural family wliich corresponds to this definition is the 
Umbelliferae and this was separated as the Perulaceae. 

Dioscorides. Circa A.D, 65. 

According to Smith’s Classical Dictionary, Pedacius Dioscorides 
probably lived in the second century A.D., but Burgess (16) gives 
evidence for a date about 65 A.D. for the writings of this author ; 
Adanson (1) gives 50 A.D. as the date. The variations in the 
different editions of his Materia Medica are notorious but as early 
as 1555 the grouping of Sonchust Cichoriujn^ and Chondrilla by 
Dioscorides was amplified in the annotations of a Castillean edition 
by Dr. Andr6s de Laguna (23) who noted the similarity to the above- 
mentioned genera of Scariola^ Picris and Taraxactmi. 

In the edition of 1598 by Bauhin of Matthioli’s Dioscorides (24) 
other groupings of Composites are to be noticed, thus Lib. Ill, 
Cap. XIX, deals with Leucantha^ identified as Carduus Marice by 
Bauhin and the subject of Cap. XXI is identified with Cardtms 
stellatus. Chapter 109 of the same book deals with Tussilago 
Farfara^ 110 and 111 with forms oi Artemisia and 112 with Ambrosia\ 
similarly Anthemis, Parthenium {=Matricaria) and Buphthalmum 
{Beilis, according to Bauhin) are dealt with in chapters 137-139. It 
is possible that this grouping of Anthemis and Matricaria forms the 
first indication of the Anthemideae and this is rendered more probable 
by the development of the group by Brunfels. 

16th Century. 

Following upon Dioscorides comes a gap in the history of 
botany in general of about fifteen centuries. During the 16th 
century various commentators on Dioscorides, such as Brunfels (16), 
Valerius Cordus (20) and Fuchs (31) established and extended the 
Anthemidese while retaining the Cichorieae and Cynareae. Lobel (60) 
extended these three groups and classed a few genera of the Astereae 
together. Cacsalpino (17) was the first to group the Compositae 
as a whole. His “ Herbaceae pluribus seminibus ” are divided into 
the “ Anthemideae ” and “Cichoracese aut Acanaceae.” The 
“ Anthemideae,” however, include all the Composites not in the 
Cynareae or Cichorieae, while the Anthemideae as recognised by the 
earlier writers is considerably obscured. 
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17th Century. 

Bauhin (6) fails to recognise the Compositae as a family but 
retained the groups previously recognised, i.e., the Cichorieae, 
Cynareae, Anthemideae and Astereae, and in addition he classed 
several of the genera of the Inuleae together. A decade later Gerard 
(33) advanced still further with a suggestion of the Calenduleae as a 
group and the consolidation of the Inuleae in addition to the groups 
of Lobel. 

In the latter half of the century Morison (65) and Ray (72-73) 
again recognised the Compositae as a family and agree in retaining 
the Cichorieae and Cynareae while confusing all the other tribes. The 
remaining authorities of the 17th century, such as Christopher Knaut 
(48), Rivini (75), Hermann (39) and Tournefort (84) agree in regarding 
the Composites as a family with the Cichorieae as a distinct section, 
but confuse the other tribes. Knaut seems to be the first to use the 
name Compositae, Ray’s designation is “ Composito flore.” Hermann 
classes the group as “ Gymnomonospermae Compositae.” 

18th Century, 

The dominating systematist of this century, was, of course, Lin nd, 
but in his three attempts (59) at the classification of the Compositae 
he made no progress whatever. Indeed, his first arrangement 
included so many external genera, such as Globularia, Protea and 
Leucodendron that he can scarcely be said to have recognised the 
family at all. His “ Syngenesia ” in the Sexual System include 
Lobelia, Viola and Impatiens! The Ambrosia group are separated 
for the first time in his Natural System. 

Linne was preceded by a group of systematists whose ideas on 
the Compositae varied very much. Boerhaave (12) gives the 
character “ staminibus propriis coalitis in tubum ” for the first 
time and has one section “ semine aculeis donato ” which fore- 
shadows the Heliantheae. Christian Knaut (49), Ruppius (76), 
Magnol (62), Ludwig (61), Allionius (2) and Necker (66) made 
attempts somewhat similar to the systems of Tournefort and Rivini ; 
in some cases the presence or absence of rays was used as a diagnostic 
character. 

The first botanist to consider the Compositae alone was Vaillantus 
(85) whose system bears a distinct resemblance to that of Boerhaave, 
with an amplification of the Heliantheae. Pontedera (71) gives a 
system very similar to that of his contemporary, Vaillantus, but with 
suggestions in his grouping of the genera of several tribes such as 
the Senecioneae, Calenduleae, Astereae and Helenieae, which were 
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not recognised by that systematist. Berhhey (9) and Meesc (64) also 
published dissertations on the Compositae but these show little or no 
originality. 

Adanson (1) reviewed previous systems and places the Campan- 
ulaceae next the Compositae. He recognised some of the previously 
distinguished tribes (vide Table I) and followed Linn^ in separating 
the Ambrosia group but retained it within the family. Jussieu (46) 
makes the “ antherae connatje” a diagnostic character of the family 
and foreshadows the Arctotideae and Mutisieae in his Cinarocephalae 
anomalae. In his arrangement of the genera Gaertner (32) follows 
Pontedera in the characters (receptacle, pappus and ray) used and 
arrives at a similar result, recognising the Inuleae and Anthemideae 
in addition to Pontedera’s groups. 

Early 19th Century. 

In the beginning of this century Richard (74), Batsch (5) and 
Lagasca (51) followed their predecessors with little or no originality 
in the Compositae, except that Richard used the divided or undivided 
style to characterise his two sections of the Synantheria. 

Cassini, 1813-1834. 

JQie founder of synantherology and the master in whose footsteps 
all subsequent students of the Compositae have followed was 
Henri Cassini. As the result of a systematic analysis of all the 
floral characters he arranged the genera of the family into a series 
of20 tribes with sections and sub-sections (vide 18, Vol. Ill, Synopsis) 
which have been retained as units during the various minor changes 
made by later systematists. There is no detail of morphology which 
escaped the notice of Cassini, and the present intensive study of the 
family by including physiology and geographical distribution can 
modify only slightly the grouping of the tribes. Even then 
Cassini had already indicated the existing relationships which will he 
emphasised later. 

Cassinian Period, 1820-1917. 

There have been three chief modifications of Cassini’s system. 
Lessing (55) by using only the style characters reduced the number 
of tribes to eight hut retained practically all Cassini’s sub-tribes. De 
Candolle (21) followed Lessing with the addition of many original 
divisions of the sub-tribes. Bentham (8) returned to Cassini’s system 
because he appreciated the value of the characters of the stamens 
and he acknowledges this return (7) but claims to have arranged the 
family before he was aware his system was so similar to that of Cassini. 
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The present system is, therefore, one reached independently by the 
only two botanists who ever studied the family sufficiently thorough- 
ly to be able to speak with authority 

Other systematists follow these four more or less closely : 
Bartling’s system (4) is frankly Cassinian ; Link (58) followed 
Cassini with several retrogessive variations; Lindley neglects Cassini 
and Lessing, returning to Jussieu (56) and later (57) following De 
Candolle. Bndlicher (29), A. de Jussieu (47) and Bichler (27-28a) 
all follow De Candolle. Payer’s arrangement (70) is a curious 
atavistic return to the early 18th century and Baillon (3) fuses 
several pairs of Benthamian tribes. Hoffmann’s arrangement (42) 
shows no originality. One or two obvious sub-tribes are sunk and 
minor suggestions made by Bentham are carried out. Hoffmann 
gives an artificial sub-division of the Cichorieae, but Bngler and 
Gilg (30) returned to the Benthamian arrangement. Wettstein (89) 
follows Hoffmann. 

Floras. 

The Floras of any given period usually follow the current system. 
Thus Meese (63) and Nuttall (69) follow Linne ; Kunth (50) follows 
Cassini with slight variations ; Gray follows first De Candolle (34-35) 
and then Bentham (36). Boissier (13) follows Bentham. 

American Systems, 

The Americans show a tendency to raise the status of the groups : 
thus Jepson (45) raises the Ambrosinae and Madinse to the rank of 
tribes ; Britton and Browne (14) raise the Ambrosinae and Cichorieae 
to the rank of families ; J. K. Small (79) follows Britton and Browne, 
and Bessey (1 1) raises all the tribes and the Ambrosinae to the rank of 
families, making fourteen in all. 

Special Memoirs. 

Don (25) and Schultz-Bipontinus (78) attempted classifications 
of the Cichorieae. Nees (67) and Burgess (16) have dealt with the 
Asters and Delpino (22) proposed a new sub-division of the Senecion- 
idesB of Lessing, but these isolated memoirs have had no effect on 
the general classification of the family. 

Conclusiov, 

From Table I it will be obvious that the history of the classifi- 
cation of the Compositae is clearly divided into two epochs, pre- 
Cassinian and Cassinian, with little or no advance from Theophrastus 
until the few decades immediately preceding Cassini, in which some 
slight indications are given of the origin of the ideas of a few of 
the tribes afterwards defined by the master. The half century 
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following Cassini was marked chiefly by the burying of his classic 
memoirs by Lessing and De Candolle and the present Benthamian 
period is nothing more than a return to the teacliing of the greatest 
of all synantherologists. 

Table 1. 


Tribes recognised from Theophrastus to 1915. 


Date. 

Author. 

Compositae. 

1 

u 

c 

o 

c 

u 

u 

> 

1 

.2i 

‘C 

0 

e< 

Ck 

3 

m 

u 

V 

< 

*3 

C 

4) 

s: 

c 

‘3 

X 

K 

4) 

c 

S 

TJ 

X 

Anthemideae. | 

H 

4) I 
C 

0 

■y 

V 

c 

4) 

C/3 

a? 

*a 

c 

C4 

CJ 

Arctotideae. I 

y 

£ 

3 

IS 

1 

Cynarese. | 

Cichoriese. | 

B.C. 





i 


1 









320 

Theophrastus 













+ 

+ 

A.D. 
















65 

Dioscoridcs 








7 





4- 

+ 

1532 

Brunfels 








+ 





+ 

+ 

1540 

Curdus 








+ 





+ 


1542 

Fuchs 








+ 





4- 

+ 

1570 

Lobe! 




+ 




+ 





f- 

4- 

1583 

Caesalpino 

+ 







? 





4 

+ 

1623 

Bauhin 




f 

7 



+ 





4 

+ 

1633 

CJerard 

7 




h 



I- 


? 



+ 

+ 

1680 

Mori son 

-4- 












+ 

f 

1682-86 

Hay 

f 












+ 

+ 

1687 

Hnaut (1) 

4 












? 

4- 

1690 

Rivini 

f 













? 

1690 

Hermann 














+ 

1700 

Tournefort 

-1- 













4- 

1710-20 

Boerhaave 

•f 





1 ? 







4 

+ 

1716 

Knaut (2) 

1 -f 


1 



1 








7 

1718 

Huppius 














+ 

1718-21 

Vaillantus 













4- 

+ 

1720 

Pontedera 

f 



7 


+ 

7 


+ 

+ 



+ 

+ 

1720 

Maunul 

4- 












? 

+ 

1737 

Ludwig 














7 

1736-38 

Linn6 

? 





> 









1757 

’* 

4- * 












? 

4- 

Allionius 

f 













+ 

1760 

Berkhey 

4- 












+ 

+ 

1760-61 

Meese 

4- 





7 



? 




7 


1763 

Adanson 

(+*) 





4 







+ 

+ 

1789 

Jussieu 

(4-*) 





+ 



f 


? 

? 

+ 

4- 

1791 

Gacrtncr 





7 

+ 

+ 

+ 

? 

? 



+ 

+ 

1791 

Neckcr 

-1- 





? 


? 





+ 

+ 

1801 

Rich 

4- 



7 

? 




+ 




+ 

+ 

1802 

Batsch 

1 








? 




+ 

+ 

1816 

I..agasca 

4 





+ 







f 

+ 

1818 

Nuttall 

4- 





? 







7 


1813-34 

Cassini 

(f 44) 

-1 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

+ 

+ 

1820 

Kunth 

4- 

7 

+ 

+ 

7 

1 


+ 

+ 



+ 

-1- 

+ 

1829 

Link 

( H44) 


f 

f 

7 

+ 


4- 


7 


+ 

+ 

+ 

1830 

Bartling 

(4-44) 

+ 

+ 

+ 

(- 

+ 

f 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1832 

Lessing 

(+44 

+ 

+ 

1 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

■4 

+ 

-4 

1830 36 

Ltndley 

(+44) 

-f 

+ 

+ 

+ 

(■ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1836-38 

De Candolle 

(+44) 

+ 

+ 

4 

+ 

+- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1836-40 

Bndticher 

(+44) 

+ 

+ 

4- 

+ 

h 

+ 

+ 

4 

+ 

+ 

+ 

4 

+ 

1860 

Payer 

1 44 








+ 



f 

+ 

+ 

1873 

Bcntham 

(+44. 

+ 

+ 

+ 

1- 

+ 

+ 

f- 

+ 

+ 

+ 

■4 

4 

4- 

1875 

Boissier 

(+44) 

+ 

+ 

+ 

+ ; 

+ 

1- 

4 

+ 

+ 

+ 

f 

+ 

+ 

1875-80 

Bichler 

(+44) 

+ 

+ 

+ 

+ 

+ 

h 

+ 

+ 

-f 

+ 

+ 

+ 

+ 

1882 

Baillon 

(+44) 

+ 

+ 

+ 

+ 

+ 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

1831 

Gray 

(+44) 

+ 

+ 

+ 1 

+ ; 

f 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1857 


(+44) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

f 

+ 

+ 

+ 

+ 

+ 

1884 

Hoffman 

(+44) 

+ 

+ 

-I" 

+ 

+ 

+ 

+ 

+ 

+ 



+ 

4- 

1897 

(+44) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

1898 

Britt. & Brown 

-f 44 

-f 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

1 


4- 

4- 

1901 

VVcttstcin 

1 + 44) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

1901 

Jcpson 

(+44) 



+ 


+ 

+ 

+ 

+ 




+ 

4- 

1903-13 

Small, J. K. 

+ 44 

+ 

+ 


+ 

+ 

+ 

+ 

+ 




+ 

4* 

1915 

Bessey 

+ 44 

+ 

+ 

+ 

-f- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 


+ Fatruly or* tfibe recoj^nised as a ^t*oup« 

•f # Ambfosiaceas as a distinct family. 

(+ Ambrosiaceae as a tribe or sub-tribe, 


















9 


Early Ideas of Relationships. 

B. Phyloobny. 

Beyond vague ideas of a common ancestry for some of the 
genera obviously very much alike, the pre-Cassinian writers on the 
Compositae had apparently no thoughts of the evolution of one 
group from another within the family. It is, of course, well known 
that many of them were vehemently opposed to all evolutionary 
doctrines. As this question of creation or evolution is a general one 
and as Cassini was the first to distinguish the tribes sufficiently 
clearly to form any correct idea of their relationships the present 
account will be given in chronological order from Batsch and Cassini 
onwards. Another reason for the chronological order is that it 
emphasises the penetration of Cassini and the subsequent neglect 
of his valuable work by succeeding writers to the great detriment 
of synantherology. 

Batsch, 1802. 

In his Tabula affinitatum (5) Batsch discusses the affinities of 
each of his three groups of Composites. He considers the Lepid- 
ocephalae (Cichoriese) to be connected with the Cinaroccphalae 
(Cynareae and Mutisieae) through Scolymus carduiformus and 
Barnadesia^^vth the Campanulaceaeby the aggregation of the flowers 
and by the latex and with the Cucurbitaceae by the bitter juice and 
disagreeable odour. The Cinaroccphalae he considers to be connected 
with the Valerianaceae and Proteacese by the exalbuminous seed and 
aggregation of the flowers ; similarly the Corymbiferae are said to have 
affinities with the Campanulaceae. 

Cassini, 1826. 

The form chosen by Cassini for the expression of his views on 
the affinities of the tribes of the Compositae is one seldom used but 
very useful. In Plate I of the Opuscules (18) he places the nineteen 
tribes each in a circle and the circles in an ellipse. Fig. 1 is from 
Cassini’s diagram in the Opuscules, which he describes as a “tableau 
exprimant les affinit^s des tribus naturelles de la famille des 
Synanth^r^es.” The Boopid6es are the Calyceraceae of modern 
systems. The interesting points in relation to the present study of 
the Compositae are the affinities indicated between the Senecioneae 
and the Eupatorieae, the Senecioneae and Astereae, the Senecioneae 
and Anthemideae, the Senecioneae and Mutisieae, and between the 
Inuleae and Cynareae. 

Lessing, 1832, 

On page 435 of the Synopsis (55) Lessing gives a table of the 
tribes and sub-tribes of which he remarks “ Analogiam subtribum 
singularum videre licet e tabula sequente.” An examination of this 
arrangement (Table II) shows that Lessing followed Cassini in his 
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Cassini's Scheme. 



recognition of the affinities of the Senecionese with the Anthemideae^ 
Astereae and Mutisiese and that he correctly appreciated the similar 
affinities between the Senecioneae, Catendulese and Arctotidese. Hii 






Table JL Lessivg^s sche^ne of relationships of the tribes of Composites, 
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Delpino and Bentham. 

placing of the Othonnese in the Cynaroideae and the Tussilag- 
ineae in the Eupatoriese marks the affinity of the Benthamian 
Senecioneae with these two tribes, as the Otlionneae and Tussilagineae 
now form sub-tribes of the Senecioneae. His grouping of the Inuleae 
and Leyssereae, Tarchonantheae and Gnaphalieae, Buphthalmeaeand 
Reihanieae is interesting as all these are sub-tribes of the Inuloideae 
of Bentham. Various other groupings are of minor interest but will 
be obvious to the synantherologist. 

Delpino, 1871. 

The stress laid upon the anemophily in Artemisia by Delpino 
(22) has been shown by Bentham (7) to have led to erroneous 
conclusions. His views on the origin of the family as shown in Table 
111 are interesting on account of the recognition of the affinity 
between the Lobeliaceae and Compositae. It is necessary to remember 
however that his Senecionideae is that of Lessing and includes the 
Heliantheae, Helenieae and Senecioneae. 

Table III. Delpino' s scheme of the derivation of kh&mihmm. 

Absinthium 

A 

! 

Senecionideac 

A 

I 

Compositae 

A 

I 

Lobeliaceae 

A 

I 

Campanulaceae 

Bentham, 1873. 

Bentham followed Cassini very closely in his expression of 
the affinities of his tribes, as will be seen from Fig. 2, which is the 
arrangement given in Plate 11. of the Notes {7). This diagram fails 
to indicate the close affinity of the Senecioneae and the Eupatoriaceae 
through the Tussilagineae, recognised by Cassini and certainly not 
obliterated by the removal of that subtribe from the latter to the 
former tribe by Bentham. Similarly it omits the connection between 
the Cynareae and Inuleae noted by Cassini It marks clearly, how- 
ever, the affinities of the Senecioneae with six other tribes. 

In addition to the above diagram Bentham gave expression 
to other views on the history of the family in the text of the Notes 
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Later Nineteenth Century. 


latter. By reduction in the involucre and development of a setose 
pappus the Asteroidese, Senecionidese and Inuloidese are said to 
have arisen in both Old and New Worlds from this Helianthoid 
plexus. Finally by a unilateral development of all the corollas, a 
reduction in the involucre and the development of a pappus he 
suggests the Cichoriese arose also from the ancestral Helianthoidese. 
It will be noticed that these opinions scarcely coincide with those 
expressed in the diagram (Pig. 2), and they will be discussed later 
in the light of the present investigation. 

Vuillemin, 1884. 

The most comprehensive study of the anatomy of the Com- 
positse is Vuillemin’s Tige des Composies (86), an investigation 
“ de la valeur des caractSres anatoiniques au point de vue la 
classiflcation des veg^taux.” He concluded that although anatom- 
ical characters may be of value in the identification of fragments 
of plants such as drugs and fossil debris or in indicating the affinities 
of species within a genus or in special cases even genera within 
tribes, they were of no value as a basis for classiflcation in the 
larger groups of the Compositae. 

Hildebrandt, 1887. 

Vuillemin’s conclusions were controverted three years later by 
Hildebrandt (40), who, however, confined his investigations to the 
Ambrosiaceae and Senecionideae (of Lessing). He reclassified the 
genera he examined on the anatomy of the stem, but his sub- 
sections as he characterises them show many variations in their 
anatomy, and there is an example of almost each type of structure 
in most of his subtribes. 

Nichols, 1893. 

After studying the achenial hairs of the Compositae Nichols 
(68) decided that they were of no use as tribal characters. 
“Within the genus, however, the characters seem to be more 
constant, and might, perhaps, be made of value in the determination 
of species.” 

Hock, 1898. 

Dealing with orders and not with families Hock (41) derives 
the Campanulatae from a line showing epigyny ; the main line gives 
a Rubialian line near the base from which a line leading to the 
Umbelliflorae is given off, the main line culminating in the 
Campanulatae. 

Col, 1899. 

Prom his study of the laticiferous tissue and other secretory 
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canals in the Compositse Col (19) considered that the Cynareee had 
arisen from the “ Radices ” and that the Calendulese, Arctotideae 
and Cichorieae were developed on a line of evolution parallel to that 
which gave the thistles. His views are expressed thus : — 


Radices 


-Calendul^es 


Cynar6es 

Arctotid^es Ligulifiores 


Hallier, 1905. 

The Campanulatse according to Hallier (38) came from the 
Gymnosperms via the Polycarpicse, Magnohacese, Aristolochiaceae 
and Passiflorales. He discusses briefly the Campanulaceffi, 
Calyceracese and Compositae, considering the last to be the 
highest expression of several of the tendencies shown by the Cam ’ 
panulatae. 

Lavialle, 1912. 

After an elaborate and extensive investigation of the develop- 
ment and structure of the achene Lavialle (52) gave expression to 
an opinion upon the affinities of the Cichorieae, Cynareae and 
Mutisieae. The examination included 298 species, 65 genera and 
most of the subtrihes in the above-mentioned groups. Lavialle 
did not, however, extend his observations to the rest of the Com- 
positae so far as I have been able to ascertain at present. His 
views are given in the form of a diagram. Fig. 3, but their value is 
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Dufour and Lebard. 


somewhat reduced by the limitation in the number of tribes 
examined. 

Wernham, 1913, 

In his account of floral evolution in the Sympetalae Wern- 
ham (88) does not consider groups below the rank of family 
but he supports the view that the Compositae have arisen from the 
Campanulaceae, an affinity which was recognised early in the history 
of the two families. The most important of Wernham’s contribu- 
tions is contained in the section on the determination of plant 
affinities in his “ Summary and Conclusion ” to which reference will 
be made later. 

Dufour, 1907, and Lebard, 1913. 

These two investigators (26 and 53) laid considerable stress 
upon the form of the cotyledons in the Cichoriese, and Dufour 
proposed that the tribe should be divided on this character into 
two subtribes, the Brachycotyl^es (type Lactnca with short, broad 
cotyledons) and the Leptocotylees (type Scorzonera with long, narrow 
cotyledons). Dufour’s work was carried further by Lebard, who 
distinguishes a form of cotyledon intermediate between the short 
and the long forms and gives a phylogenetic diagram shown in 
Table IV. 

Table IV. 

Lebard' s phylogenetic scheme of the Cichoriece. 
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Lee and Bessey. 

He regards the Leptocotyl^es as primitive and the Brachycotyl^es 
as derived along two lines of evolution from the Tubuliflorje. 

Lee, 1914, 

After an investigation of the seedling anatomy of about 50 
species of Compositae belonging to most of the tribes Lee (54) 
concluded that the classification in this family could receive no 
assistance from seedling anatomy. As he found all the types of 
anatomy which occur in the family in closely related species, and 
even in different specimens of the same species it is obvious that 
he was right in his conclusion that seedling anatomy is of no value 
in dealing with questions of affinity within the Compositae, This is 
one more example of the failure of anatomy to give phylogenetic 
characters in the Compositae, and agrees with the facts given by 
Vuillemin and Hildebrandt, although not with the latter’s con- 
clusions. 

Bessey, 1897, 1915. 

In his presidential address to the Botanical Society of 
America in 1897 (10) Bessey placed the Asterales at the summit of 
the Rubialian line of evolution. The four families included in the 
Asterales were supposed to be derived from one another thus : — 
Valerianacese — > Dipsaceae — > Calyceraceae — 1> Compositae. The 
same author in 1915 (11) enunciated various dicta for determining 

Table V. j 

Betsey’s phylelic lines for the tribes of the Coiiipositce. 
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the phylojjeny of flowering plants. These dicta, however, apply 
only to certain groups in each case. He raises the fourteen tribes 
of the Compositje or Asterales to the rank of families, and regards 
the Heliantl)aceae as tlie primitive group from which two principal 
phyletic lines have arisen, culminating in the Eupatoriacese on the 
one hand and the Lactucacese on the other. His views may be 
expressed as in Table V. 

Hutchinson, 1916. 

The Helianthese are also regarded as the most primitive tribe 
by Hutchinson (43) who considers the aristate or paleaceous 
pappus and the receptacular paleae as primitive characters, and 
who also considers (44) the structure of the pappus in the Com* 
positae as “ perhaps one of the most important features in the 
consideration of the phytogeny and affinities of the genera of this 
interesting family.” This is very different from Bentham’s view of 
both pappus and receptacular paleae, the inconstancy of which in 
genera and sections led to that synantherologist to consider these 
characters as of use only when supplemented by other and more 
constant features. 

Small, 1915*16. 

The present writer has made various suggestions as to the 
affinities of the Compositae and its constituent tribes. The first (80) 
was made after a study of the variation in styles and stamens and 
the elucidation of the function of the appendages of these organs. The 
chief point made was the establishment of similar lines of evolution 
from the consideration of the styles and of the stamens. As the work 
along these lines has been revised and extended it will be enough 
at this juncture to note that the Senecioneae were considered the 
primitive group. In a subsequent study of the corolla (81) it was 
suggested that the Cichorieae arose directly from the Senecioneae 
by a comparatively small mutation. Other observations on the 
displacement and multiplication of the ovules inS^rwm vulgaris (82) 
controverted the removal by Warming (87) of the Calyceraceae 
from the neighbourhood of the Compositae. These studies have 
been continued, and the present account is the result of the 
extended investigations. 
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Chapter 11. 

THE POLLEN-PRESENTATION MECHANISM. 

TN the Composita^ the mechanism involved in the presentation 
of pollen to the insect visitor includes both styles and stamens. 
These essential organs aie discussed, therefore, in the present 
chapter, but for convenience the variation in structure of styles and 
stamens is described and discussed in separate sections, while 
their functions in the pollen-presenting mechanism is considered 
partly in section D of the present chapter and partly in Chapter III 
which deals with the irritability of the mechanism. 

A. History. 

The history of our acquaintance with the pollen-presentation 
mechanism may be divided into two distinct sub-sections, the first 
dealing with the development of our knowledge of the details of the 
essential organs and the second dealing similarly with the process 
of pollination. 

Styncture* 

Pre-Cassinian Period, 

Before the classic investigations of Malpighi and Grew there 
is no mention of either styles or stamens in the descriptions of 
Compositae. Nehemiah Grew in his first book (29, 1671) describes 
the floret of the Composita^ as an “ epitome of a flower.” The 
anther tube and style are described and figured, and various 
secondary uses of these parts are given but the “ Primary and 
Private Life .... I now determine not.” In 1675 Malpighi 
(46) published good figures and descriptions of the styles and 
stamens in Cichorium, and in the following year Grew’s fourth 
book appeared with numerous excellent figures and descriptions of 
the styles and stamens of several Composites. The Compositae 
also furnish the basis of his chapter on “The Use of the Attire,” a 
rather crude account of self-pollination in which both the style or 
blade*’ and the stamens or “ sheath** are considered to be male 
organs, the “ Thecae of the Sheath ** being described as the “ Vege- 
table Sperme.** 
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The first systematist to mention the characters of the styles 
and stamens as described by Malpighi and Grew was Vaillantus 
(70). Boerhaave in his first Index (7) did not give the distinguishing 
characteristics of his sub-divisions but did so in his Index alter (7). 
The syngenesious anthers and bifid stigma were now established 
as characteristic features of the family. Pontedera (56), dis- 
tinguishes Valeriana by the stamens not being in a tube and also 
distinguishes other syngenesious forms, such as Asclepias and 
Cucurbitaceas by their non-capitulate form, while Linnd (43) tfses 
the character as the primary one in his Syngenesis of the Sexual 
System, No further details of structure are given by subsequent 
authors (6, 25, 35, 59) up to the beginning of the Cassinian period. 

Cassiuian Period, 

Cassini (13) described the styles and stamens in great detail 
and used these details in liis classification. Don subsequently used 
the basal appendages of the stamens in his classification of the 
Cichorieae (20) and also records (21) abnormalities in several 
species of Zinnia with 4-10 stamens, 3-10 stigmas and 2-5 
embryos. The styles and stamens were also used by Link (42), 
but his work is really of the pre-Cassinian type. Lessing (41) 
described the general staminal characters in great detail but used 
chiefly the stylar characters in his Synopsis, whei’e he neglects the 
distinctive features of the stamens except in three tribes. De 
Candolle (17) used stylar characters for the tribes, but staminal 
characters for some of his sub-tribes, which were practically those 
of Cassini. The structure of the style was studied in great detail 
by Hildebrand (32) and by Chamberlain (14). The rudimentary 
stamens noted by the former in abnormal specimens were noted 
also by Cassini (13), Masters (48) and others. 

Bentham (4,5) realised the importance of the details of both 
styles and stamens and used both for tribal and generic characters. 
Le Maout and Decaisne (40), Asa Gray (28) and other systematists 
agreed with Bentham and Cassini, while Baillon (2), using styles 
chiefly for his tribes, divided several of them into “ sous-s^ries ” on 
the anthers. The importance of the anther appendages in the 
biological efficiency of the pollen-presentation mechanism was 
emphasised by the present writer (61). 

The development (9) and the vascular supply (30, 63, 67) of 
the styles and of the stamens (63, 67) and the structure of the 
pollen grain (3, 62, 71) have been described by various authors. 
Martin (47) considered that the tissue of the contiguous anthers 
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was in organic connection, while Coulter (15) and Merrell (49) 
report no such fusion. Observations by the writer prove that in 
some cases, at least, no organic connection exists, but the possibility 
of fusion in some species is not excluded and further research is in 
progress on this point. 


PolUnatiou, 

Camerarius (10) was the first to conduct experiments in 
artificial pollination and to study pollination in the Compositae. 
Miller (50) was the first to observe pollination by insects, but our 
knowledge of pollination in the Compositae is founded on the later 
work of Kolreuter (38 and see Chap. Ill) and Sprengel (64). The! 
latter noted the advantages of the capitulum and other characters 
in the Compositae, and dealt with TussilagOt Silyhum^ Centaurea^ 
etc. The next advance was about 40 years later when Brongniart (8) 
started a controversy on the function of the collecting hairs of the 
Campanulaceae which led to a re-examination of the Compositae 
for comparison by Hassall (31), Wilson (72), Todd (65) and 
Trelease (68). About this period also the study of pollination pro- 
gressed rapidly under the stimulus of Muller’s work (51), and the 
modern aspect of the subject together with the literature may be 
found in Knuth’s compilation (36) based on Muller’s contributions. 
The biology of Helianfhus annum and other Compositae was the 
subject of several papers (12, 22, 27, 53), and Darwin (16) notes 
the sterile, pollen-presenting style which occurs in the male 
florets. 

A valuable contribution was made by Juel (34) who dis- 
tinguishes four chief types of pollen-presentation: (1) pollen 
presented on the tip of anther-tube, (2) pollen presented on the 
outer surface of the style and stigma, (3) pollen presented on the 
inner surface of the corolla lobes, (4) pollen presented directly from 
the anthers (anemophilous). Types 3 and 4 are comparatively 
rare, while type 1 is divided into two subsidiary types on the 
length of the male stage of anthesis, and type 2 has four forms, the 
Gaillardia type, the Eupatorium type, the Cichorieae type and the 
Arctotis type, which differ in slight details. 

The distribution of the sexes in the capitulum formed the 
basis of Linnd’s divisions of the Syngenesia, and this part of the 
subject has been studied exhaustively by Uexkull-Gyllenband 
(69) whose conclusions may be summarised as in Pig. 4 from her 
“ Generalschcma fur die phylogenetische BKitenentwicklung.” In 
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Fig. 4. Phylogeny of Flower forms (after UexUiill-Gyllenband). 

A — Hievacium barbatum — Ciciioriece. H — Xnthemis Cotula — Anthemideae. 

C^Psiadia glutinosa — Astercte. D — H eieroihalamus brunioides — Asterea3. E — 

Xeranthemum annuum—Cyni\vc'c<^. F—-Gerbera | \ Mutisicie. G — 

Anandriaiomentosa — Mutisieac. H — Evignon Astercrc. J—Leontopodiim 

Inuleie. \i—Ha(rs(iii Smc/ri/W— Asterca^. l^—Ceniaurea Jacea— 
Cynareae. M — Liontopodium alpinum — Inuleic. ^—Feiasites Senecionese. 

^ Rz=r hermaphrodite tubtilar floret. ^ Z— hermaphrodite ligulate floret. 
^ L— hermaphrodite bilabiate floret. OZ=:.neutral ligulate floret. OH = 
neutral honey floret. OSt.=ncutral ray floret. J Z— female ligulate floret. 
5 L=fcmale bilabiate flqret. ^ R=^female tubular floret. J St.:=:female 
ray floret. J red,=female floret with reduced corolla. J —female floret 
with no corolla. S =male floret. Figures unmarked are intermediate forms 
occurring in the same capitula. 

addition there have been many other studies of sex-distribution in 
the capitulum, such as 26, 33, 57 and 58. 

Parthenogenesis and apogamy in the family have been studied 
by Murbeck (52), Ostenfeld (54-55), Schkorbatow (60) and others. 
The flowering period, which is usually autumnal in the north tem- 
perature regions, is the subject of notes by Bailey (1) and Lebard 
(39), Anemophily in the family is discussed at length by Del- 
pino (18-19) and ornithophily in the Compositae, Campanulacese 
and allied families is noted by Pries (24) and Trelease (68). The 
secretion of an intoxicating nectar in abnormal cases by Centaurea 
Scabiosaf Carduus nutans^ C. lanceolatus and other species has 
been observed by Lloyd Williams (44). 

The action of pollen grains mixed in various proportions from 
differently coloured capitula is the subject of a note by Lowe (45), 
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and the artificial germination of the pollen grains still presents 
difficulty. Ostenfeld (55) stated that “ no one has been able to 
germinate the pollen grains of any Composite in artificial cul- 
ture,” but two years later Tokugawa (66) germinated the pollen of 
various Composites on the stigmas of plants belonging to other 
families, for instance the pollen of Taraxacwn albifloms and 
Matricaria Chamomilla germinated on the stigma of Yucca gloriosa 
and that of Dahlia variabilis on the stigma of Abehuoschus Manihot 
and Hibiscus mutabilis, 

B. StYMiS of THK C0MPOSIT.C. 

The general type in the family is a slender style with two 
branches which are stigmatic on the inner surfaces. The style and 
style branches may be hairy or papillose or glabrous externally ; 
style branches have appendages of various types, and the hairs of 
these appendages are arranged so that they either push or pull the 
pollen out of the anther tube; the stigmatic papillae are conspicuous 
and arranged along the margins of the inner surfaces of the style 
branches, or they are less conspicuous and arranged either margin- 
ally or all over the inner surfaces. The vascular supply of the style is 
composed usually of two strands given off from a region of anasto- 
moses at the top of the ovary ; where the style is thick and 
practically undivided there are sometimes four vascular strands, 
as in Arctotis and Tussilago (63). The style in some genera is 
sensitive to touch (see Chap. III). 

Types of Style, 

The numerous variations can be reduced to fourteen types 
which will now be described. 

Type I. Style branches slender, subterete or slightly flattened, 
papillose or glabrous externally ; stigmatic papillae all over inner 
surface from base to apex (Pig. 5, I). 

Type II. Style branches elongated or short, subterete below, 
thickened and club-shaped or flattened and obtuse above, papillose 
01 glabrous externally ; stigmatic papillae marginal and incon- 
spicuous, confined to the lower part of the style branches. (Pig. 
5, II and I la). The upper sterile portions of the style branches 
are appendages. 

Type III. Style branches elongated, subterete, subulate, more 
or less acute at the apex, hairy externally ; stigmatic papill® incon- 
spicuous, extending in the centre of the inner surfaces of the style 
branches usually from the base to near the apex, but sometimes by 
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abortion of the upper stigmatic papillae confined to the lower part 
of the style branches (Pig. 5, III). 

Type IV. Style branches elongated or short, flattened, trun- 
cate at the apex, hairy or papillose externally ; each branch ending 
in a brush of hairs considerably thicker and longer than those 
which clothe the outer surface ; stigmatic papillae in more or less 
conspicuous marginal lines, extending from the base to near the 
apex of the branches (Fig. 5, IV). 

Type V. Style branches truncate and penicillate ns in IV but 
with the inner surfaces permanently together (/.^., the style 
branches do not diverge); stigmatic papillae absent ; very similar 
to IV before divergence of the style branches has taken place ; 
characteristic sterile pollen-presenter in male florets (Fig. 5, V). 

Type VL Upper part of the style more or less swollen and 
and hairy; style branches very short; stigmatic papillae all over 
the inner surfaces of the style branches (Fig. 5, VI). 

Type VIL Style branches elongated or short, flattened, each 
ending in a triangular appendage covered externally and internally 
with hairs which are usually longer near the base of the append- 
age ; stigmatic papillae in conspicuous marginal lines extending 
from the base of the style branches to the base of the appendages 
(Fig. 5, VII and Vila). 

Type VIII. Style branches as in VII, but appendages conical 
and more elongated (Fig. 5, VIII). 

Type Villa, Style branches as in VII, but stigmatic region 
short in comparison with the long, slender appendages (Fig. 5, 
Villa). 

Type IX, Upper part of style more or less swollen and hairy 
externally; style branches very short or practically absent ; stig- 
matic papillae all over inner surfaces (Fig. 5, IX). 

Type X. Style branches very hairy externally, especially on 
the outside of the stigmatic part which ends in a collar of long 
hairs ; style divided to the collar or more deeply; stigmatic papillae 
all over inner surfaces of style branches abpve the collar (Fig. 5, 
X and Xa). 

Type XL Style as in X, but with the style branches remaining 
practically closed ; stigmatic papillae as in X but exposed only by a 
slight divergence of the style branches (Fig. 5, XI). 

Type XIL Style branches elongated or short, flattened, hairy 
externally either from base to apex or only at apex, apex rounded ; 
stigmatic papillae inconspicuous, in two marginal lines which may 
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Analysis of the Styles of Composita. 

Analysis of the occurrence in the family of these various 
types of styles shows that type IVL is the only one common to all 
except the more specialised tribes; it is, indeed, the typical style 
for the family, and the others are modifications of it. It will be 
obvious from the arrangement in Fig. 5 how type I has arisen from 
type IV by the disappearance of the truncate, penicillate apex and 
the elongation of the style branches. Type IV has also given rise 
to type V by the abortion of the stigmatic papillae and the non- 
divergence of the style branches; to type III by the development 
of an awl-shaped apex and the transference of the stigmatic 
papillae to the centre of the style branches ; to types VI and IX by 
the spreading of the stigmatic papillae and the partial fusion of the 
style branches : to type XII by the rounding of the tips of the 
style branches and the slight spreading of the stigmatic lines ; and 
to type VII by the slight elongation of the hairy, apical part of the 
style branches (all stages of this change can be observed). 

Types VII and XII then give two lines of development. Type 
VII by the shortening of the style branches gives Vila; by the 
elongation of the apical appendages it gives VI 11 and then Villa, 
which last by a flattening and thickening of the appendages gives II. 
Type II by a shortening of the style branches gives I la. Type XII 
by the abortion of the stigmatic papillae and fusion of the style 
branches gives XIII; by the spreading of the stigmatic lines it 
gives XI la. Type XI la by the further spreading of the stigmatic 
papillae over the whole of the inner surface of the style branches 
and the development of a eollar of long hairs gives type X, which 
by splitting more deeply gives Xa, and by partial fusion of the 
style branches gives type XI. Types V and XIII with no stigmatic 
papillae occur in the male disc florets of some genera. 

Having elucidated the probable evolution of the various style 
forms we can now analyse the composition of the tribes and sub- 
tribes of the family as regards their styles. In Table VI Bentham's 
classification is followed for reasons which will be obvious from the 
summary of the history of classification given in Chapter I, Sec- 
tion A. Bugler’s system of terminology is used, .however, for the 
sake of uniformity. Various new genei-a are included, but the list 
is not quite complete. 

The numbers are obtained by counting 1 for each genus rn 
the sub-tribe which shows a given, type of style. If the genus 
shows two types of style then it is counted ^ in each of the proper 
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Yernonieae. 

Vernoniinae 

Lychnophorinae 

^ Total 

Eupatorieae. 

Piqucninae 

Ai^eratinae 

Adenostylinae 

Total 

Astereae. 

Homocbrominae ... 

Oranj^einae 

Bellidinae 

Heterochrominae 

Conyzinae 

Baccharidinae 

Total 

Inuleae. 

Tarchonanthinae 

Plucheinae 

Filaf^inmae 

Gnaphaliinae 

An^ianthmae 

Kelhaniinae 

Athrixiinae 

Inulinae 

Buphthalminae 

Total 

Hellantheae. 

Laj«asceinae 

Milleriinae 

Melamp<»dunae 

Ambroftiioae 

Petrobiinae 

Ztnimnae 

Verbesininac 

Coreopsidinae 

Galinsoginae . . 

Madiinae 

Total 

Helenieae. 

Jaumeinae 

Baeriinae ... 

Flavcfiinae 

Taj^etinae 

Helenimae ... 

Total 

Anthemideae- 

Anthemidinae 

Chrysantbemidinae 

Total 

Sei^ecioneae. 

Liabinae 

Tussilagininae 

Senecioninae 

Otbonninae 

Total 

Calenduleae 

Arctotideae. 

Arctotidinae 

Gortcriinae 

Gundebinae 

Total 

Cynareae. 

Bchinopsidinae 

Carlininae 

Carduinae ... 

Centaureinae 

Total 

Mutitieae. 

Barnadesiinae 

Onosendinae 

Gochnatiinae 

Gerberinae 

Nassauviinae 

Total 

Oiohorieae. 

Scolyminae 

Dendroseridinae 

Hyoseridinae 

Lapsaninae 

Rhaf{adiolinae 

Crepidinae 

Hieraciinae 

HvDOchaeridinae 
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columns. If, however, the genus shows three types of styles it is 
again counted ^ in each column, and as it is only large genera 
which show three forms it is not altogether wrong to represent 
such a genus by a total of IJ in the table. 

Type I is the characteristic style of the ordinary ray florets in 
all the tribes in which these occur and is noted in the table only in 
the Cichorieae where it occurs witliout exception in every genus. 
It may be observed that the totals for the tribes do not quite agree 
with those given previously (61, p. 466), but further study has 
revealed differences, distinctions and intermediate forms unrecog- 
nised in the previous analysis. 

Tlie main points to be noted in Table VI are the following: — 

Type IV is the only one which occurs in all except the special- 
ised tribes ; 

Among the tribes in which type IV occurs the Astereae, 
Heliantheoe and Helenieae are mainly types VII and VIII, so that 
they can scarcely be regarded as primitive in this respect V similarly 
the Inuleae have many genera of type XII ; the Arctotideae and 
Mutisieae have a considerable proportion of types IX and XII. 
This leaves the Antlieniideae, an obviously specialised group, 
and the Senecioneae, which, while showing 'a large number of 
genera with type IV, has quite a number of other types, thus 
showing the characteristics of a primitive plexus, i.e,, a large per- 
centage of primitive forms with an extended variability especially 
in the centre of the plexus (in this case the Senecioninse), and a 
specialisation in the outer groups of the plexus (the Liabinae and 
Tussilagininae) ; 

The occurrence of type III in the Senecioneae and its exclusive 
predominance in the Liabinae and Vernonieae ; 

The monomodal curve of complexity, 6, 34, 44, 12, In the 
Astereae and the passage of type Villa of the Homochrominae into 
type II of the Eupatorieae ; 

The close relationship between types IV and XII and their 
occurrence in about equal numbers in the Inuleae ; 

The similar close relationship between types IV and VII and 
•■heir occurrence in about equal numbers in the Helenieae ; 

The almost exclusive predominance of type IV in the Nas- 
sauviinae. 

These and other less obvious points will be discussed later in 
conjunction with others elucidated by the analysis of the stamens. 
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C. Stamens op the CoMPOsiTiB. 


The stamens are five in number, and usually have the anthers 
syngenesious. As described by Cassini (13) the stamen is com- 
posed of the filament, which may be glabrous or hairy, the anther, 
the connective, the apical appendage, the basal appendages, the 
pollen and a prolongation of the connective below the anther to 
form the “ article anth^riftre.” It is certain that iti many species 
there is an abrupt change in the tissue of the stalk of the anther, 
but it is not always to be observed, and Bentham agrees with later 
authors in omitting it from his generic diagnoses. Cassini, how- 
ever, was so impressed with this structure that he considered that 
the character of the family does not lie in the syngenesious anthers 
but in the “ article anth^riffere,” and suggests (13, p. 139) that the 
family would be more appropriately known as the Androtomse than 
as the Synanthereae. This suggestion of alternative designations 
was Cassini’s chief weakness as a botanist. 

The apical appendage is practically always present, but the 
basal appendages may be absent, or may undergo modifications 
which have been used by Cassini, Bentham and others to charac- 
terise genera, sub-tribes or even tribes, and it is the form and 
degree of development of the basal appendages that give some 
clues as to the evolution of the family. 

Types of Stamens, 

The numerous varieties of stamens can be reduced to sixteen 
general types as follows : — 

Type 1. Apical appendage absent; basal appendages absent ; 
both base and apex of each anther lobe rounded and polliniferous 
(Pig. 6, 1). 

Type 2. Apical appendage present, basal appendages absent ; 
base of anther lobes truncate (Pig. 6, 2). 

Type 3. Apical appendage present, basal appendages absent; 
base of anther lobes rounded and polliniferous (Pig. 6, 3). 

Type 4. Apical appendage present ; basal appendages very 
small, non-polliniferous auricles (Pig. 6, 4). In one genus, Eleu- 
theranthera, this type occurs with the apical appendage absent as in 
Pig. 6, 4a. 

Type 5. Apical appendage present; basal appendages more 
distinct as obtuse, non-polliniferous auricles (Pig. 6, 5). 

Type 6. As type 5 but with basal appendages acute (Pig. 6, 6). 
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In a few cases the apical appendage is elongated as in 6a, in others 
the basal appendages are elongated as in 6b. 

Type 7. As type 6, but with the auricles of contiguous anthers 
connate (Fig. 6, 7). 

Type 8, Apical appendage present; basal appendages acute 
auricles, mucronate or prolonged into small tails (Pig. 6, 8). 

Type 9. As type 8, but with the auricles and tails of con- 
tiguous anthers connate (Fig. 6, 9). 

Type 10. Similar to type 8, but with longer tails (Pig. 6, 10). 

Type 11. Apical appendage elongated; basal appendages 
acute, elongated auricles prolonged into tails (Pig. 6, 11). 

Type 12. Similar to type 9, but with considerably longer 
tails (Pig. 6, 12). 



FiO. 6, Stamen forms in the Conipositse- 
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Type 13. Apical appendage present; basal appendages acute; 
auricles with long tails divided into two or more filaments (Pig. 
6. 13). 

Type 14. Apical appendage elongated (oblong not triangular); 
basal appendages obtuse; auricles with long, flattened, lacerate 
tails (Pig. 6, 14). 

Type 15. Similar to type 14, but apical appendage more 
elongated and tails of contiguous anthers connate (Pig. 6, 15). 

Type 16. Apical appendage more elongated than in any other 
type ; basal appendages flattened, elaborately lacerate tails, free or 
those of contiguous anthers connate (Pig. 6, 16). In one genus, 
Tricholepis, the fusion of the anther tails has been carried further, 
giving a continuous, membraneous cylinder around the base of the 
anther tube (Pig. 6, 16a). 

Analysis of the Stamens of Compositce. 

Analysis of the occurrence in the family of these various types 
of stamens show that type 1 is a special type occurring only in the 
specialised sub-tribe, Piqueriinae, of the Eupatorieae; type 2 is like- 
wise a special form occurring in a few genera only, while type 3 
occurs in a large number of genera belonging to eleven of 
the thirteen tribes. Type 4 also occurs in most of the tribes but is 
much less common than type 3, which is obviously the primitive 
and characteristic stamen for the family. Given type 3 as the basal 
form it is easy to see that types 1 and 2 are reduced forms while 
the others form a progressive series which may be given diagram- 
matically thus : — 

6a 6b 

4a 1/^9 12 15 

2\ I / / / 

^3— 4/ 8—10— 1 1—13— 14— 16— 16a. 

Keeping this evolution of form in mind we can now analyse 
the composition of the tribes and sub-tribes of the family as regards 
their stamens in the same way as the styles have been analysed. 

The main points to be noted in Table VI 1 are the following : — 

The primitive character of type 3, as already pointed out ; 

Type 3 occurs in all the tribes except the Vernonieae and 
Cynarese; it is predominant in the Asterere, Bupatorieee, Anthemidese 
and Senecionese ; 

Type 4 occurs in considerable proportion, with type 3 pre- 
dominant in the Helianthese and Heienieae ; 
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Tribes & Sub<tkibes 


Yernonieae. 

Vernoniinae 

Lychnophorinae 

Total 

Eupatorieae- 

Piqueninae 
Ageratinae 
Adenostylinae ... 

Total 

Astereae. 

Homochrominae 
Grangeinae 
Bellidinae. 
Heterochrominae 
Conyzinae . 
Baccharidinae ... 

Total 

Inuleae. 

Tarclionanthinae 
Plucheinae 
Filagininae 
Gnaphaliinae 
Angiantliinae 
Helhaniinae . . 

Athrixnnae 
Inulinae ... 
Buphthalmmae ... 

Total 

Hellanthdae. 

Lagaiceinae . . 
Millenmae 
Melampodiinae ... 
Ambrosiinae 
Petrobiinac . . 

Zinniinae ... 
Verbesininae 
Coreopsidinae ... 
Galinsoginae 
Madnnae 


Total 


Helenieae. 

Jaumeinae 

Baenmae 

Flaveninae 

Tagetinae... 

Heleniinae 

"I'otal 

A 11 them id eae. 

Anthcmidinae 

Chrysanthemidinac 

Total 

Senecioneae. 

Liabinae 

Tussilagininae 

Senecionmae 

Othonninae 

Total 

Calenduleae- 

Arctotldeae. 

Arctotidmae . . 

Gorteriinae 

Gundelinae 

Total 

Cynareae. 

Echinopsidinac ... 
Carlininae 
Carduinae 
Centaureinae 

Total 

Mutisieae. 

BarnadesJinae ... 

Onosendinae 

Gochnatiinae 

Gerberinae 

Nassauviinae 

Total 

Cichorleae- 

Scolyminae 

Dendroseridinae 

Hyoseridinae 

Lapsaninae . . 

Phagadiolinae 

Crepidinae 

Hieraciinae 

Hypocbaeridinae 

Lactucinae 

Scoraonerinae ... 

Total 
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A preilominance of type 5 in the Vernoniese is combined witli 
ft proportion of higher forms ; 

A predominance of type 3 in the Eupatorieae is combined witli 
the occurrence of a few genera of type 2, and an exclusive pre- 
dominance of type 1 in tlie Piquerinse : 

A predominance of type 3 in the Astereae is associated with a 
proportion of type 2 and a very few higher forms ; 

Tlie predominance of liigher forms, types 10-14, in the Inulese 
and types 9-16 in the Cynareae ; 

The circumscribed variation in tlie types represented in the 
Heliantheae (2-6), in tlie Helenieae (2-6), in the Anthemideae (2-4) 
and in the Cichorieae (3, 5, 6, 8) ; 

The considerable range of variation (3-16) in the Mutisieae; 

The Senecioneae again sliow the cliaracteristics of a primitive 
plexus, but with the specialisation of the outer groups not shown as 
markedly as in the styles ; 

The Calenduleae and the Arctotideae show a range of variation 
very similar to that of the Senecioneae but without the predomin- 
ance of type 3. 

D, Function of Appendages of Styles and Stamens. 

The biological significance of the hairs and appendages of the 
styles was appreciated by Cassini (13) and all subsequent authors, 
but the biological significance of the appendages of the stamens 
was elucidated for the first time in 1915 by the writer (61). Both 
Cassini and Bentham as shown above (Section A, Chap. 11) 
recognised the value of these structures for the purposes of classifi- 
cation, but Cassini makes no mention of a possible function, while 
Bentham considers tkem to be “of little or no functional or 
homological importance.” 

That the predominant tendency in the Compositse is economy 
has been emphasised (61-62), and “ since the highest development 
of these appendages is found in the same groups with the greatest 
complexity in the structure of the style, it becomes highly probable 
that the appendages have quite a definite function” (61, p. 459). 
Economy in the polliniferous tissue was then considered atid a 
new significance attached to the sweeping hairs of the styles and 
their efficiency in removing all the pollen grains from the anther 
tube. The main point can best be made clear by a quotation from 
the original article (61, p. 460). “The functions of the staminal 
appendages, hitherto obscure, become more obvious, for with the 
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corolla tube of a given length and the stamens in proportion, the 
amount of pollen produced can be reduced and the staminal tube 
remain the same length by the production of a membraneous pro- 
longation at the apex of each anther. This is a very simple method 
of reducing the polliniferous tissue while preserving efficiency of the 
staminal tube in the pollen-presentation mechanism. The function 
of the basal appendages is also made clear, since a tube term- 
inating in ten more or less hemispherical lobes, as in type 3, could 
not be closed entirely by the style unless that oi’gan actually 
entered the tube for some distance, in which case the pollen in 
that part of the sac past which the style had grown would be more 
or less lost for pollination purposes, unless it was swept up the 
tube by hairs situated lower down on the style. If the apex of the 
style merely reached to the lobes when the anthers dehisced, some 
of the pollen would fall through the interstices to the bottom of 
the corolla tube and thus be lost. If, however, the hemispherical 
lobes were prolonged into flattened auricles or ciliate tails or more 
elaborate appendages, the style, with or without appendages, could 
close the lower end of the staminal tube completely without 
encroaching on the polliniferous region, and thus no pollen would 
be wasted as far as the pollen-presentation mechanism was 
concerned." 

Prom the further extended study of many forms there is no 
doubt that the above is the correct explanation of the variations in 
structure of the styles and stamens, and it is considered proved 
that these appendages and variations are the several modes of 
expression of a tendency in the Compositie to economy of pollen, 
which is limited only by the biological necessity of providing 
sufficient pollen to ensure fertilisation. 

Except in the relatively primitive groups, the Anthemidese and 
Senecionese, relatively inefficient anther tubes are combined with 
efficient styles, as in the Bupatoriese, Astereae, Helianthese and 
Helenieae, or relatively inefficient styles are combined with efficient 
anther tubes, as in the Vernonieae, Inuleae, Calenduleae, Arctotideae 
and Cichorieae, or both styles and anther tubes are efficient, as in 
the Mutisiese and Cynareae. 

Another point which is brought out by further study of the 
structure of the stamen is that Cassini’s interpretation of the 
apical appendage and the “ article anth^rifere ” as continuations of 
the connective is supported by the fact that the structure of these 
three parts of the stamen is very similar. This leads to the con- 
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elusion that both the apical appendage and the article anth6rif^re/* 
where it occurs, are produced by a contraction of the polliniferous 
region of the anther, i.e., by a real sterilisation of potentially 
sporogenous tissue. 

E. The Phylogenetic Significance of the 
Styles and Stamens. 

As the complexity of the styles and that of the stamens have 
been shown to be more or less complementary, it is necessary in the 
elucidation of the phylogeny of the groups to consider, not so much 
the two sets of organs separately, as the complexity of the pollen- 
presentation mechanism as a whole. Each tribe will, therefore, be 
examined in order to determine the primitive and advanced sub- 
tribes and these will also be examined in order to determine their 
relations with one another throughout the family as far as it is 
possible to elucidate this from the pollen-presentation mechanism 
alone. 

As the Senecionese appear from the analysis of both styles and 
stamens to be the primitive tribe it will be considered first. The 
Liabinae are undoubtedly specialised in their style (Type III) but 
the types of stamens vary widely (2-9). The chief genus, Liahum^ 
has comparatively simple stamens, type 2 or 6, and in the sub-tribe 
as a whole we get somewhat the same range of variation in the 
stamens as occurs in the Vernonieae. 

Three of the chief genera, Homogyne, Cmnanthodium, Alciope 
and also in the Tussilagininae, show styles of type II. In 

Luina this is combined with stamens of types 8 or 10 and in Alciope 
with types 6 or 7, giving in both cases a relatively complex pollen- 
presentation mechanism. In Homogyne and C reman thodium style 
type II occurs with stamens type 3 or 4, so that here the mechanism 
is less complex. Now Cremanthodmm^ although separated from 
Senecio as a distinct genus by Bentham and other systematists, is 
included in that genus by Pranchet (23) who places it in the group 
Lignlaria of Senecio^ dividing that group into k-Cremanihodlnm and 
B-Eudigularia. It is really a mere matter of opinion, as even those 
who uphoKl the genus admit that it passes into the L/gw/ana group 
through such species as Cremanthodium plantagineuni, Moor., which 
sometimes shows as many as five capitula instead of the solitary one 
which characterises the genus, and also through Senecio calthcefolius^ 
Hk.f. {=Cremanthodium Hookeri, C.B.C.), which shows from one 
to four capitula. The only other distinction lies in the ** nodding* 
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of the capitulum ! The Tussilagininse are, therefore, very intimately 
comiecteii with the genus Seiiecio, which itself shows type VII styles 
not infrequently, and more rarely, as in some sub-sections of the 
Ligularia group, type VIII, thus leading up to type II in 
Creinanthodium, 

The Othonninse cannot be distinguished from the Senecion- 
inse by either styles or stamens, both being comparatively simple. 

The Senecioninse in both stamens and styles shows the 
characteristics of a primitive group. Type IV styles are combined 
in most genera with type 3 stamens, a simple and primitive pollen- 
presentation mechanism. Senecio itself, however, sometimes shows 
styles of types VII and VIII and sometimes stamens of types 4 or 
8 but these two elaboi ations rarely, if ever, occur in the same 
species. They are, indeed, associated with two very different habits. 
Other closely allied genera always show type VII or type VIII in 
their styles, others always show type XII styles, which type also 
occurs in some species of Senecio. 

It is not possible at this point to distinguish which is the more 
primitive of the two sub-tribes of the Vernoniese but most of the 
large genera with simple stamens occur in theVernoniinae, Venionia 
itself shows both type 5 and type 10. 

In the Eupatorieae the style is of a uniform type as in the 
Vernonieae, so that the relative complexity of the pollen-presentation 
mechanism depends on the type of stamen. The simplest type of 
stamen occurs in the Piqueriinae and nowhere else in the family. 
That this is a reduced, not a primitive type, is rendered probable by 
its occurrence only in this small and somewhat specialised group 
and is proved by the series of forms previously figured (61, Pigs. 3-6). 
The normal apical appendage as in Eupatorium cannabinmn (61, 
Pig. 6) becomes truncate and obviously reduced in Sclerolepis (61, 
Pig. 5) which is the genus in the Ageratinae next the Piqueriinae. 
In Adenostemma viseosum (61, Pig. 4) and other species of the chief 
genus in the Piqueriinae the line of dehiscence does not extend to the 
apex of the anther when dehiscence is completed and the apical 
indehiscent region carries out the function of the ordinary apical 
appendage. In the other genera (61, Pig. 3) dehiscence is carried 
to the apex and the abortion of the apical appendage is complete. 
It is scarcely possible to distinguish at the present stage between 
the other two sub-tribes, but the complete uniformity in the stamens 
as in the styles of the Adenostyiinse indicates a probably specialised 
group. 
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The simplest pollen-presentation mechanism in the Astereae is 
that of the Bellidinaeand Heterochrominae, where stamens of type 3 
are combined with styles of type VI 1 in a number of genera. Styles 
of type VIII occur largely in the other sub-tribes and type Villa 
occurs in a notable percentage of the Homochrominae, the sub-tribe 
placed next the Eupatoi ieae by Bentham. 

Considering next the Inuleae, the Gnaphaliinas is the only sub- 
tribe which shows a preponderance of simple (type IV) styles with 
a preponderance of comparatively simple stamens (type 10). The 
sub-tribe is divided into two series, tlie second of which, the 
Helichryseae, has by much the larger proportion of simple type 
pollen-presentation mechanisms; the first series, the Eu-gnaphalieae 
has a larger proportion of styles of type XII and of stamens of 
types 12 and 13. The other sub-tribes may be supposed to have 
come off as in Fig. 7, taking into consideration the predominance 
of type XI I styles in the Inulinae and Buphthalminae, their 
development in the Athrixiinae ; the occurrence of simple stamens 
in the Plucheinae and Pilagininae with a considerable percentage of 
type XII styles ; the occurrence of type V styles in the Tarchon- 
anthinae, and a larger proportion of type 10 stamens in the 
Angianthime than in the Relhaniinae. 

The largest proportion of simple pollen-presentation mechan- 
isms in the Heliantheae occurs in the Verbesininae. Of the other 
sub-tribes the Lagasceinae, Milleriinae, Melampodiinae, Ambrosiinae 
and Fetrobiinae are obviously somewhat restricted or specialised, 
while the Zinniinae, Coreopsidinae and Madiinae are closely allied to 
tlieVerbesininae,butareon the whole higher in their style forms than 
the above-mentioned groups. The Galinsoginae show a variation 
in the style forms more allied to that of the Helenieaeand are closely 
allied to but slightly higher than the Verbesininae in their stamen 
forms. 

In the Helenieae a large proportion of higher type stamens is 
shown by the Jaumeinae (type 5), the Baeriinae (types 4-5) and the 
Heleniinae (types 4 and 6). This is combined in the Jaumeinae and 
Baeriin 80 with a preponderance of higher type styles (types VII and 
VI 11). The Plaveriinae are obviously a specially simple group, while 
the Tagetinae show a preponderance of simplicity with a range of 
variation which covers that of most of the other sub-tribes. 

The Anthemideje are a comparatively simple but special group, 
closely connected with the Senecioninae and with practically no 
difference in the development of the pollen-presentation mechanism 
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In the two sub-tribes. The Calendulese are similarly closely connected 
with the Senecioninse by their range of variation in both styles 
and stamens; the characteristic style of the tribe (type V) is easily 
derived from type IV. 

The Arctotideae show a considerable proportion of styles of 
type XI 1; the range of variation is very similar to that of the 
Senecioninse and the stamens are considerably simpler than 
those of the majority of the Inuleae, so that a derivation of the 
Arctotideae from those genera (Senecio and Erechthites) in the 
Senecioneae which show type XII styles seems more probable than 
one from the Inuleae as suggested by the styles. Also Ursiuia is 
the only genus in the tribe which shows a type IV style, and as it is 
one of the largest genera and shows type 3 stamens in addition, it 
seems to be another possible primitive genus in the group. Indeed, 
the tribe is markedly divided into two groups on the style. The 
occurrence of stamens of types 8 and 10 in the Gorteriime with type 
XII styles seems to indicate that this sub-tribe has arisen from the 
Inuleae(from eitherthe Plucheinaeormore prohahlytheGnaphaliinas) 
and has then given rise to the more specialised Gundeliinae. 
The Arctotidinae seem to be more probably derived from the 
Senecioninae through Ursinia with a] IV-3 pollen-presentation 
mechanism. This is a point which requires other characters for 
its decision. 

In the Cynareae the Echinopsidinae are obviously specialised, 
while the large percentage of advanced styles (type XI) and 
advanced stamens (type 16) in the Carlininae and Carduinae indicates 
that these are more advanced groups than the Centaureinae, where 
there is a smaller percentage of type XI styles and where the 
stamens arc generally type 12 or type 15. 

The almost exclusive predominance of type IV styles in the 
Nassauviinae clearly indicates an affinity for that sub-tribe with the 
Senecioneae; the Onoseridinae shows an affinity with the Nassauviinae 
in the styles, while type 15 or 16 stamens are absent from both 
sub-tribes; the predominance of type 11 stamens in the Nassauviinae 
makes the usual pollen-presentation mechanism of that group the 
simplest in the Mutisieae. The Barnadesiinae is a simple, special 
group, the usual combination being lX-3. The occurrence of styles 
of types X and XI and stamens of types 15 and 16 in the Gochnatiinae 
places this group higher than the Gerberinae, but as type XI 1 styles 
are also present and as the stamens are of the higher types a 
possible affinity of these two sub-tribes with the Inuleas is indicated, 
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It is very probable that most of the sub-tribes of the Cichoi ica; 
are artificial, therefore it is not considered desirable to discuss their 
affinities. The derivation of type I styles from type IV has already 
been mentioned and as the stamens are of a relatively simple type 
a derivation of the Cichorieae from the Senecioninae is rendered 
probable. 


I 





Smcionm 


Fio. 7. Phyletic lines in the Composltae as Indicated by the Pullen 
presentation Mechanism. 
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All the affinities indicated by the preceding examination of the 
pollen-presentation mechanism of the various tribes and sub-tribes 
are shown in Pig. 7, including the somewhat problematical relation- 
ships between the Inuleae and the Gorteriinae and Gerberinae, which 
may be no more than examples of parallel evolution. 
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Chapter III. 

IRRITABILITY OF THE POLLEN-PRESENTATION MECHANISM. 

I T is probable that physiological differentiation precedes morpho- 
logical differentiation in the history of a species and causal 
morphology must have a physiological basis for its sound study. 
Preliminary investigations are, therefore, in progress on the 
physiology of the Compositae, and the present chapter deals 
with one of the most striking effects of physiological differentiation 
in the family, the irritability of the styles and stamens. The 
history of our knowledge of irritability is summarised briefly ; the 
known cases of irritability are given, their physiology discussed, 
and the phylogenetic significance of the phenomenon in the 
Compositae is considered in the light of the previous phyletic 
suggestions made in Chapter II. 

A. History. 

Styles : — Our knowledge of irritable styles in the Compositae 
is of comparatively recent origin. The first reference to the 
movement of the style when touched is that in an unsigned article 
(30, 1815) by Ker on Arctotis aspera. He also records the same 
phenomenon in A. aureola {=A. aspera, L.), and suggests that 
“ the style .... seems to consist of a substance resembling 
elastic gum (Caoutchouc).” 

Brown (4) refers only to Ker, and Cassini (7) records that he 
observed the phenomenon in “quelques arctotid^es,” but gives no 
details. Muller (43) and Knuth (34) give Arctotis “ and 

other species.” Minden (42) records Arctotis aspera and A. 
calendulacea (= Cryptostemma calendulacea, R.Br.) as irritable, 
and discusses the physiology of the process (see below. Section D). 
duel (28) extends the phenomenon to Arctotis stoechadifolia, and 
the writer has published a preliminary, illustrated account (47) of 
the phenomenon in A. aspera. 

In other families the phenomenon of movement of the style 
or stigma when touched seems to have been known at a much 
earlier period, as the facts were apparently common knowledge 
when Kurt Sprengel (52, 1817) wrote of the irritable stigmas of 
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Mimulus and Martynin and the movements in Sccevola, Leeuwen- 
haskia and Stylidium. The movement in Mimulus is the subject of 
a note by Kitchener (33) and that in Martynia by Harger (21), 
while the physiology of the process in both genera and in 
Slrobilanthes is considered by Oliver (44). 

Stamens : — The earliest record of the sensitiveness of the 
stamens in the Compositae is that of Alexander Camerarius (5), 
who, while recording the phenomenon in Cyanns Tnrcicus, etc., 
quotes Borelli as having made the first observation on Jacea 
aroinatica, the Cardui pratenses, the Cyaui and Stcebe. Camerarius 
refers to the anther tube as the “ vagina,” but a few years later 
Bose (3) uses the term “ stamina,” and makes a passing reference 
to the irritability of these organs in some Compositaj. About half 
a century later Conte dal Covolo (10) discussed the phenomenon in 
Centaurea calcitrapoides, and gave very good figures of his detailed 
dissections. Previous to Koelreuter all recorded species except 
Stcebe (Inuleae) belonged to the Cynarese, but that author (36) 
extended tlie list to the Cichorieae (Hieracium, Cichonum, Scolymus) 
and tlie Inuleae [Buphthalmnm maritimum = Odontospermtun 
maritimuin Sch. Bip.). 

After the lapse of a century during which the only reference 
to the movement is a passing one by Cassini (7), the physiology of 
irritability was the subject of various investigations and discussions 
by Cohn (9), Unger (54-55), Hofmeister (24), PfelTer (45) and 
others (see Section D). Hildehrand (23) added Antenuana dioica, 
and various Cynareae were added to the list of “ irritables” by 
Muller (43), Knuth (34), Meehan (40-41), Kirchner (32) and 
Linsbauer (37). Meehan (40) also records a peculiar irritability of 
the corolla in Ceulaurea mexicana, which, however, does not seem to 
have been confirmed. The trigger hairs on the filaments of some 
Cynarese are described and figured by Kabsch (29), Unger (55), 
Kny (35), Haberlandt (15) and Halsted (16). The last (18) also 
extended the records of irritability to the Heliantheae (Echinacea, 
Heliopsis) 

Although he does not mention anything in the text Lubbock 
(38) extended the observations to the Anthemideae. This is clear 
from his figures 87-88 of the anther tube in Chrysanthemum par- 
thenium, in the first the tube is closed, erect, median and straight, 
in the second after an insect visit the tube is oblique, retracted and 
with the pollen exserted. Kerner and Oliver (31) mention Onopordon 
and Centaurenas examples, and compare the mechanism with the 
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mechanical action of the keel and style in some Papilionatae. Juel, 
after a preliminary account, (27), extended the observations (28) to 
the Astereae, Helenieas, Senecioneae, Arctotideae, and Mutisieae in 
addition to the Inuleae, Heliantheae, Anthemideae, Cynareae and 
Cichorieae previously noted. The writer, after two preliminary 
notes (47-48), extended the list of *• irritables ” to 149 species and 
varieties (49), including the Calenduleae and ten other tribes pre- 
viously noted, but excluding the Vernonieae and Eupatorieae. Of 
the species observed 64% showed irritability. 

Another type of movement is described by various authors, 
namely a gradual and automatic contraction of the anther tube. 
This is mentioned (25) and figured (26) by Jacquin for Calea 
aspera. Jacquin, however,considers the inclusion of the anthers to be 
due to an elongation of the corolla, and this is shown in his figure. 
Cassini (6) considered the inclusion to be due to the withering of 
the stamens, but Brown (4) described it as “ a vital action, and not 
the effect of withering or decay, which, however, speedily follows 
it,” and considered it to be analogous to the “ more evident 
motion .... in certain Cinarocephalae.” Another explanation was 
given by Meehan (4 1 ), who suggested that the filaments of Helinnthus 
were stretched during exsertion by the growth of the style against 
the closed, upper end of the anther tube, and that the subsequent 
retraction was due, not to irritability, but to the elasticity and 
spontaneous contraction of the filaments. Asa Gray (13-14) 
controverted this, and gave experiments proving that the style 
does not stretch the filaments, and that there is a lateral movement 
through 15 or 20 minutes of an arc when two adjacent filaments 
are touched, much as in the Cynareae. Evans (11) has a note on a 
so-called unusual case of the re-exsertion of the style after the 
usual retraction of the style and stamens, but this is more or less 
usual, a typical case being Arctotis aspera as described by the 
writer (47, Fig. 1), who also found irritability of the ordinary type 
in a number of the Heliantheae, the tribe of which this slow retrac- 
tion of the anther tube is described as typical by Brown. 

This movement, however, occurs in most tribes, and it seems 
probable that a confusion has occurred between the ordinary type of 
irritability and the retraction of the stamens due to the loss of 
turgor in the filaments which immediately precedes the withering 
of these slender structures. Thus Cassini was right if this loss of 
turgor is considered the first step in withering. Brown was right 
if the process of dying is considered to be a vital process, Meehan 
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is right in his explanation that the retraction is due to the elasticity 
of the filaments, and Gray is right when he controverts Meehan on 
the elongation of the filaments being due to a pressure exerted by 
the style. The proximate cause of the elongation of the filaments 
seems to be an increase in turgor (see Section D), 

Irritable stamens in other families were unknown to the earlier 
botanists,' and according to Goeppert (12) the first to record the 
movement in Berheris was Linn6 (1775), Goeppert gives a good 
historical account up to his date (1828). Smith (51) was the first 
to locate a motor region in Berberis. Kurt Sprengel (52) recorded 
staminal movements in Parnassia^ Cacti, etc. ; Kitchener (33) 
recorded a gradual contraction and contortion of the filaments in 
Achinienes ; Bessey (1), Meehan (39) and Halsted (17) made various 
observations on the movements of the stamens in Portnlaca spp. 
Halsted also recorded experiments on Berberis (19-20). Tomney 
(53) records about 50 species of Opuntia which show irritability of 
the stamens, while Pfeffer (46) records the phenomenon in Mnhonia, 
Helianthemnm and other Cistaceae, Mesembryanthemmi, Opuntia, 
Cereus, Sparmannia and certain Tiliaceae and Portulacaceae, 

B. Irritability of thb Styles. 

Outside the Compositae the only genus recorded as having a 
style which moves towards the touch is Glossostignia (46), but the 
stigmatic lobes are sensitive and close when touched in various 
other genera such as Mimulus (29, 33, 44, 46, 52), Martynia 
(Martyniaceae) (21, 44, 46, 52), Strobilanthes {=Goldfussia 
Acanthaccae) (44, 46) and Bignonia (Bignoniaceae) (46). To these 
may be added 2'onnia. The stigma of Torenia Fourtiieri in India 
shows the same form of irritability as M/mw/ws, but other species, 
such as Torenia vagans, are not sensitive, nor is T, Fonrnieri when 
grown under glass in this country.* 

In the Compositae the phenomenon as at present known is 
confined to the Arctotideae. It occurs in Arctotis aspera (30, 42,47), 
A* stoechadif alia] {28) and Cryptosternma calendulacea {28, A2). To 
these may be added the Gazania splendens of gardens. Ker (30) 
gives Arctotis aureola, Ker Gawl, also, but this is synonymous with 
A, aspera, L. The phenomenon in Arctotis aspera has been 
described in detail by the writer elsewhere (47), but a brief resumi 
is given below in order to facilitate reference. 

^ There is a considerable literature dealing with the stamens of Berberis, 
but most of it is irrelevant in the present argument. 

» For this information about Torenia I am indebted to the Director of the 
Royal Botanic Gardens, Kew. 


D 
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Arctotis aspem, L. 

The activities of the florets are best observed when the capitulum 
is examined on the plant in a green-house during warm, sunny 
weather. Arithesis begins about 8.30 a.m. in June; half an hour 
later the tips of some of the styles emerge from the anther tube 
and by 10 a.m. practically all the florets in the active whorl have 
their styles completely exserted ; each style takes from five to ten 
minutes to emerge under tlie best conditions, and they are then 
sensitive to touch, bending from the base of the thickened portion 
towards the touch. The thickened portion is hairy and covered 
with pollen. When in a vigorous condition the style recovers its 
irritability in less than half a minute, but if touched so that it 
should react in an opposite direction from the previous movement 
two or three minutes rest are required in order to get a movement- 
This male stage of anthesis lasts for only one day in the case of the 
outermost three rows of hermaphrodite florets. The florets nearer 
the centre are male, and in these the style acts only as a pollen 
presenter, and may be withdrawn and exserted again in an irritable 
condition for two or even three successive evenings and mornings. 
The styles in these florets are not re-exserted after the male stage, 
but those of the outer rows of florets are exserted in the female 
condition with the short style branches spread apart on the second 
day of anthesis and remain exserted until the conclusion of 
anthesis. As a rule only one row of styles is in the irritable phase 
each day at the beginning of the anthesis of the capitulum and two 
or three in the later stages; there is a diurnal progression of 
maturity towards the centre of the capitulum. 

' Arctotis sloechadi folia, Berg. 

This species (syn. A. grandis) shows a similar series of events, 
but the stamens are also irritable, so that by touching the anther 
tube when the style is first exserted one can observe a movement in 
one direction, while if the style is touched on the opposite side 
it moves in the opposite direction, or the style may be stimulated 
first and then the anther tube. 

Gazduia splendetts, X. 

This garden hybrid shows the same phenomenon as A.'stoech- 
adifolia but much more markedly. If the anther tube is touched 
gently after anthesis has begun the style is exserted with striking 
rapidity, being fully exserted (to the extent of about half an inch) 
within two minutes in favourable conditions of light and heat. 
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With the same touch the anther tube is stimulated to bend towards 
the touch, and this irritability remains during anthesis. The style 
is also irritable, and with the first touch after exsertion moves as in 
Arctotis, but further touches have little or no effect for at least half 
an hour unless the same side of the style is touched, when a slight 
movement in the same direction as the first ensues. 

The parents of Gazania splendens X are not known, but are 
said to be two of the three species — G.riiijieHs, Gsertn., G.pavonia, 
R.Br. and G. uniflora, Sims. 

It is noteworthy that all these three genera belong to the 
Arctotideae, while three of the genera {Mimulus, Torenia and 
Glossostigma) in the other families belong to the Gratioleae of the 
Scrophulariaceae, and that these other families themselves all belong 
to Sections D and E of the Tubiflorse (Engler). The phenomenon 
seems to be restricted to a few narrow circles of affinities, and is 
not wide spread as in the case of irritability of the stamens. 

C. Irritability of thb Stamens. 

The basis of the present section is the following list. Table VIII, 
(pp. 53-59) of the species on the irritability or non-irritability of 
which observations have been made. The tribes are arranged accord- 
ing to their origin as shown by the structure of the pollen-presentation 
mechanism, and the sub-tribes are those of Bentham revised as 
before. The recognised affinities of the genera are indicated roughly 
by the numbers, which are those of the Genera Plantarum, except 
in cases where Bentham sunk a genus which is now upheld, e.g., 
Leptosyne, when a letter is added to the Genera Plantarum 
number of the containing genus. 

Previous authors have not as a rule recorded the exact type 
of irritability, and those species not observed in the present 
investigation are indicated thus : — 

(Cov) = irritability of the stamens recorded by Covolo ; 

(K) = „ .. .. Koelreuter; 

(Kb) = „ ,i .. .. Kabsch; 

(Kn) ,, ,, ,, ,, Knuth i 

(H) — „ ,, .1 Haberlandt; 

(M) = „ .. .. Meehan; 

(L) = „ „ „ Linsbauer; 

(U) = „ M .. Unger;. 

(J) ,, ,f »» duel , 

(OJ) = absence of irritability recorded by duel. 
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The majority of the species have been examined by the writer 
and the types of irritability are distinguished thus : — 

Types of irritability: 

A : pollen presented on touching ; no lateral movement of the 
anther tube, 

B : pollen presented on touching ; lateral movement indefinite 
in direction, 

C : pollen presented on touching ; lateral movement towards 
the touch, 

C'; pollen presented on touching; lateral movement towards 
the centre of the capitulum, 

C« : pollen presented on touching with more or less explosive 
rapidity, 

Q: no irritability observed when touched. 

The degree of irritability is noted as slight when it requires 
careful observation, and various other degrees are noted. Various 
precautions are necessaiy for the successful observation of the 
phenomenon, for it was not without reason that Camerarius 
remarked of the observation of the movement that “ Verum 
enimvero patientia.” The general method used in the present 
investigation was to examine the flowers on a hot, sunny day 
just after anthesis had commenced, and before an insect had 
visited the floret, by touching the filaments or anther tube gently 
with the point of a needle, and by observing the effect with the 
aid of a watchmaker’s eyeglass. The latter was found very con- 
venient as it left both hands free for manipulation. For the details 
of the precautions readers are referred to the previous paper (49). 

The list includes 360 species and varieties, 253 or 70% of 
which show irritability ; all the tribes in the family are represented 
and 45 of the 64 subtribes, so that the list is sufficiently repre- 
sentative to form the basis of some phylogenetic suggestions. 

Notes on Table VIll. 

1. In all these cases (Tussilagininae) the critical stage, with 
the anther tube open and the style not completely exserted, is 
very short. 

2. In Doronicum Pardalianches the style has frequently been 
observed to be bent by pressure against the top of the anther tube. 

3. Cineraria Moorei is a garden hybrid between C. Heritieri 
and a form of C. cruentes. 

4. Cineraria stellata is a florists’ variety obtained from 
Messrs. Dobbie and Sons. 
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Table VIII. 


Tribe and 
Sub-tribe. 


Genus and Species. 


Type of 
Irrita- 
bility. 


Remarks. 


SKNKCIONE.C. 

2 Tussilagininae 559 Tussilago Farfara, L. 

560 Petasites albus, Gaert. 

yy officinalis, Moench. 

3 Scnecioninse Arnica alpina, Oiin & Ladau. 

,, Chamissonis, Less. 

,, latifolia, Bongard. 

,, iongifotia, Eaton. 

565 Doronicum Pardalianches, L. 
,, plantagineum, L. 

581 Gynura aurantiaca, D.C. 

582 Cineraria Moorei, (Hort.) 

,, steliata, (Hurt.) 

583 Emilia sonchifolia, D.C. 

585 Senecio adonidifolius, Loisel. 
,, alpestris, D.C 
,, aquaticus, Hill. 

,, bellidioides, Hk.f. 

,, Blumeri, Greene. 

clivorum, Maxim. 

,, erucifolius, L. 

„ grandifolius, Less. 

,, Grisebachii, Baker. 

,, hortensis, (Hort.) 

,, Jacobaea, L. 

,, japonica, Sch.Bip. 

,, Ledebouri, Sch.Bip. 

,, Ligulana, Hk.f. 

,, „ var. speciosa. 

,, palustris, Hook. 

,, populifolius, D.C. 

,, pulvinatus, (Hort.) 

,, sarracenicus, L. 

,, squalidus, L. 

,, suaveolens, Eli. 

,, tropaeolifolius, MacOwan 
,, turkestanicus, C.Winkl. 
,, viscosus, L. 


4 Othonniine 

ClCHORlEi®. 

1 Scolyminse 
3 Hyoseridinie 


4 Lapsaninae ^ 
6 Crepidinae 


7 Hieraciinae 


,, vulgaris, L. 

588 Othonnopsis cheirifolia, 

Benth. and Hook. 
532 Euryops pectinatus. Cass. 

595 Othonna carnosa. Less. 

711 Scolymus hispanicus, L. 

714 Catananche c^srulea, L. 

,, ,, var. alba 

717 Cichorium ’Endivia, L. 

,, Intybus, L. 

723 Tolpis barbata, Gaert. 

725 Lapsana communis, L. 

735 Crepis biennis, L. 

„ blattaroides, Vill. 

„ virens, L. 

738 Hieracium baikanum, Ueclitr. 



( 1 ) 

( 1 ) 

( 1 ) 

distinct 


distinct (2) 
slow 

(3) 

slight (4) 

distinct 

A distinct, B 
slight and slow 
distinct 


clear (7) 

A distinct, C 

slight 

slight 
slight 
very slight 
very slow 
distinct 
marked (8) 
slight 

distinct 

distinct 

Adistinct.C slight 
but variable 
distinct (3) 
slight 


distinct 


very marked (10) 

slow (10) 
distinct (10) 

marked (11) 

distinct (10) 
distinct (10) 
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Table VIII {continued) 


Tribe and 
Sub-tribe. 

Genus and Species. 

iTypes of 
Irrita 
bility. 

Remarks. 

7 Hieraciinae/'f/<^^ 

738 Hieracium Bornmuelleri, 

0 



Freyn. 




,, bupleuroides, Gmel. 

0 



,, Gouani, Hegetsch. 

0 



,, grandifolium, Sch. Bip. 

c 

slight and slow 


,, niacutatum, Schrank. 

c 

slight (10) 


,, murorum, L. 

c 


pallidum, Biv. 

c 

very slight (10) 


,, Pilosella, L. 

0 



,, prcnanthoides, L. 

0 



, rubrum, Peter. 

o 



,, sabaudum, L. 

(K) 



,, tridentatuni) Fries. 

o 


8 Hypochzeridinse 

742 Hypochaeris radicata, L. 

c 

marked (10) 


,, ,, var. 

c 

»» n 


hispida, Peterman 




743 Leontodon asperrimus, Boiss. 

c 

distinct (10) 


,, hirtus, L. 

c 

»> ♦> 


,, hispidus, L. 

0 



745 Taraxacum officinale, Weber. 

c 

distinct (12) 

9 Lactucinac 

750 Lactuca Bourgaei, 

c 

distinct (10) 


(=Mulgedium Bourgaei, Boiss.) 




750 Lactuca bracteata, Hk.f. 

c 

very clear 


,, hastata, DC. 

c 

distinct 


,, perennis, L. 

c 

slight 


,, Plumieri, Gren. & Godr. 

c 

distinct 


,, virosa, L. 

c 



755 Sonchus arvensis, L. 

0 



,, asper, Hill 

c 

distinct (10) 


,, oleraceus, L. 

c 

slight but distinct 

10 Scorzonerinse 

760 Tragopogon orientalis, L. 

c 

distinct 


761 Urospermum Dalechampii, 

0 



F. W. Schmidt 




762 Scorzonera hispanica, L. 

c 

very slow but 




very distinct 


,, purpurea, L. 

c 

distinct 

Calrndule^ 

597 Dimorphotheca aurantiaca,DC 

c 

very clear 


,, Ecklonis, DC. 

c 

marked (13) 


,, pluvialis, Moench. 

c 

distinct 


598 Calendula arvensis, L. 

o 



,, officinalis, L. 

A 

slight (14) 

ARCTOTIDEiB 




1 Arctotidinae 

604 Ursinia anthcmoides, Gaert. 

(J) 



,, cakilefolia, DC. 

A 

distinct 


,, pulchra, N.E.Br. 

c 

variable (15) 


,, speciosa, DC. 

B 

»♦ »» 


609 Cryptostemma calendulacea, 

(OJ) 



R.Br. 




610 Arctotis stoechadifolia, Berg. 

c 

distinct (16) 

2 Gorteriinae 

613 Gazania rigens, Moench. 

(OJ) 



,, splendens, X. 

c 

distinct (16) 


616 Berkheya purpurea, B, & Hk.f, 

0 


Anthemide;e 




1 Anthemidinas 

515 Anacyclus officinarum, Heyn€ 

5 C 

distinct 


516 Achillea alpina, L. 

c 

slight 


,, Clavennee, L. 

c 

slight 


,, crustata, Schur. 

A 

marked 


,, grandiflora, Bieb. 

c 

marked 
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Tribe and 
Sub-tribe. 


iNULKiB (Ctd.) 

9 Buphthalminse 


CVNARKiE 
1 Echinopsidinae 


2 Carlininae 
S Carduinse 


4 Centaurelnae 


Genus and Species. 

Types of 
Irrita- 
bility. 

Remarks. 

298 Buphthalmum salicifolium, L. 

B 

distinct 

,, speciosum, Schreb. 

C 

slow 

302 Odontospermum maritimum, 

C 

marked (22) 

Sch.Bip. 


t)21 Echinops bannaticus, Rochel. 

C 

slight 

,, cornigerus, DC. 

B 

distinct 

,, dahuricus, Fisch. 

C 

distinct 

,, exaltatus, Schrad. 

C 

marked 

,, Ritro, L. 

C 

distinct (23) 

,, sphaerocephalus, L. 

C 

marked 

,, Tourneforti, Ledeb. 

C 

marked 

624 Xcranthemum annuuni, L. 

(j) 


631 Arctium majus, Bernh. 

c 

slight 

G33 Carduus cernuus, Steud. 

c 

marked 

crispus, L. 

c 

distinct 

,, defloratus, L. 

(Kn) 


yy nutanS) L. 

c 

distinct 

,, Personata, Jacq. 

(Kn) 


„ tenuiflorus, Curt. 

B 

distinct 

634 Cnicus acaulis, Willd. 

C 

distinct 

,, altissimust Willd. 

(M) 


,, arvensis, Hoffm. 

(J) 


,, canus, Roth. 

(J) 


,, carlinoides, Fisch. 

(H) 


,, Casabonae, Roth. 

(K) 


,, eriophorus, Roth. 

B 

slight 

,, lanceolatus, Willd. 

C 

distinct 

,, palustris, Willd. 

C 

marked (24) 

,, scrrulatus. Bieb. 

(M) 


,, syriacus, Roth. 

(J) 


634a Cirsium Kerneri X (Hort.) 

B 

distinct 

635 Onopordon acanthium, L. 

(K) 


arabicum, L. 

(K) 


636 Cynara Cardunculus, L. 

(K) 


637 Silybum Marianum, Gaert. 

C 

distinct 

639 Tyrimnus leucographus, Cass. 

(J) 


642 Saussurea albescens, Hk.f. 

c 

marked 

Yalila, G.B.C. 

c 

distinct (25) 

648 Serratula coronata, L. 

(J) 

,, quinquefolia, Bieb. 

c 

slight, variable 

653 Leuzea conifera, DC. 

c 

distinct 

654 Centaurea alba, L. 

(M) 


,, americana, Nutt. 

(M) 


,, aspera, L. 

B 

distinct 

,, atropurpura, Waldst. 

C 

slight 

and Kit. 



,, axillaris, Willd. 

C 

distinct 

,, calcitrapoides, L. 

(Cov.) 


,, cineraria, L. 

(K) 


„ concolor 

(U) 


,, Cyanus, L. 

C' 

distinct 

,, dealbata, Willd. 

c 

distinct 

,, eriophora, L. 

(K) 


,, glastifoiia, L. 

(K) 


,, dacea, E. 

(J) 


,, macrocephala, Puschk, 

(Kb) 
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Tribe and 
Sub-tribe. 

Genus and Species. 

Types of 
Irrita 
bility. 

Remarks. 

CVNARBiB (ctd,) 




Centaureinae 

654 Centaurea maculosa, Lam. 

(L) 


(continued) 

,, montana, L. 

c 

distinct 


,, var. alba 

c 

distinct 


,, „ var. 

c 

distinct 


lugdunensis, Jord. 




,, Moschata, L. 

(K) 



,, nervosa, Willd. 

(Kn) 



nigra, L. 

c 

variable (26) 


,, „ var. alba 

c 

marked 


,, orientalis, L. 

(H) 



,, praealta, Boiss. & Bal. 

c 

distinct 


,, pulchella, Ledeb. 

(Kb) 



,, pulcherrima, Willd. 

0 

(27) 


,, ragusina, L. 

(K) 



,, ruthenica, Lam. 

(Kb) 



,, rutifolia, Sibth. 

(M) 



,, salmantica, L. 

(K) 



,, Scabiosa, L. 

c 

distinct 


„ sordida, Willd. 

B 

marked 


spinosa, L. 

(K) 



,, variegata, Lam. 

c 

distinct 


655 Carbenia benedicta, Adans. 

(K&J) 



656 Carthamus tinctorius, L. 

c 

distinct 

Mutisie^. 




1 Gerberinae 

695 Gerbera hybrida, (Hort.) 

c« 

(28) 


,, Jamesoni, Bolus 

C' 

(28) 

) Nassauviinaa 

702 Perezia multiflora, Less. 

C" 

(28) 


708 Moscharia pinnatiflda, Ruiz 

A:B 

A distinct, B 


and Pav. 


variable 

Vernonie;e. 




L Vernoniinae 

6 Erlangea tomentosa, S. Moore 

0 



16 Vernonia altissima, Nutt. 

0 



„ fasciculata, Michx. 

0 



28 Stokesia cyanea, L’H^rit. 

0 


ASTEREiB. 




IHomochrominae 

79 Grindelia cuneifolia, Nutt. 

0 



,, lanceolata, Nutt. 

0 



,, squarrosa, Dimal. 

c 

distinct 


85 Chrysopsis villosai DC. 

C 1 

variable 


,, ,, var. Rutteri 

0 



88a Aplopappus croceus, Gray 

c 

distinct 


91 Solidago serotina, Ait. 

c 

distinct 


,, Virgaurea, L. 

c 

very slight 


,, piloso, Walt. 

c 

distinct 

3 Bellidinae 

116 Brachycome iberidifolia,Benth 

0 



,, Thomsoni, Kirk. 

0 



117 Beilis perennis, L. 

c 

variable (29) 

t Heterochrom 

119 Amellus annuus, Willd. 

c 

slight 

inae 

121 Charieis heterophylla, Cass. 

c 

distinct 


134 Cailistephus hortensis, Cass. 

(J) 



136 Aster acris, L. 

c 

distinct 


, alpinus, L. 

0 



Amellus, L. 

0 



Candollii, Harv. 

A 

slight 


,, Curtisif, Torr. & Gray 

A;C j 

A distinct, C 




slight 


,, Lipskyi, (Hort.) 


marked 
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Tribe and 
Subtribe. 

Genus and Species. 

Types of 
Irrita- 
bility. 

Remarks. 

Astewe>e (ctd.) 




4 Heterochrom- 

136 Aster longifolius, Lam. 

C 

variable 

inae (continued) 

,, macrophyllus, L. 

(j) 



,, oreophilus, Franch. 

0 



,, paniculatus, Lam. 

A 

slight 


,, puniceus, L. 

A:B 

A distinct) B 




slight 


,, scaber, Thunb. 

0 



,, sibiricuS) L. 

0 



,, stellaris, (Hort.) 

C 

variable 


,, trinervius, Roxb. 

Q 



,, Tripoli um, L. 

0 



137 Felicia fragilis, Cass. 

C 

distinct 


142 Olearia dentata^ Moench. 

A 

very slight 


„ Haastii, Hook. 

0 



147 Celmisia coriacea^ Raoul. 

C 

distinct 


,, petiolata, Hook. 

0 



,, verbascifolia, Hook. 

0 

(30^ 


151 Erigeron aurantiacus, Regcl. 

A 

distinct 


,, Coulteri, Porter 

A 

distinct (31) 


,, glabellus, Nutt. 

A 

distinct 


,, grandiflorus, Hook. 

A 

distinct 


,, macranthus, Nutt. 

C 

distinct 


,, multiradiatus, 

C 

distinct (32) 


Benth. and Hook 




,, Rusbyi, Gray 

A : B 

A distinct^ B 




slight 


,, speciosus, DC. 

A 

distinct 

5 Conyziiix 

162 Chrysocoma Coma-aurea, L. 

C 

distinct 

Eupatorie^, 




2 Ageratinx 

54 Ageratum conyzoides, L. 

1 (OJ) 



66 Eupatorium ageratoides, \... 

0 



,, cannabinum, L. 

0 



,, ianthinum, Hemsl. 

0 



,, perfoliatum, L. 

0 



„ pruneIl£efolium,H.B.& K. 

0 



,* purpureum, L. 

0 



,, riparium, Regel. 

0 


3 Adcnostylinae 

73 Liatris callilepis, (Hort.) 

0 



„ spicata, Willd. 

0 


Hhlhnie/E. 




2 Baeriinae 

457 Baeria coronaria, Gray 

0 



460 Lasthenia glabrata, Lindl. 

0 



468a Eriophyllum caespitosum, 

0 



Dougl. 




476 Palafoxia Hookeriana, 

(J ?) 



Torr. and Gray 



4 Tagctinse 

496 Tagetes erecta, L. 

(OJ) 



,, patula, L. 

(OJ) 



,, signata, Bartl. 

(OJ) 


5 Helcniinae 

501 Helenium autumnale, L. 

C 

distinct 


,, var. bicolor 

C 

distinct 


„ ,, var. pumilum 

c 

slight 


,, Hoopesii, Gray 

c 

distinct 


502 Gaillardia aristata, Pursh. 

(OJ) 

(33) 


1 , M var. 

c 

distinct (33) 


grand iHora 




,, lanceolata, Michx. 
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5. In Senecio clivorum the filaments are quite unusually 
thick and rigid. 

6. In Senecio gvandifolius the male stage is very short and 
the anther tube is frequently split. 

7. Senecio hortensis seems to be a variety of 5. populifolius. 

8. In Senecio populifolius when the anther tube is touched at 
the proper stage the style protrudes quickly as in Gazania^ and the 
style branches may be seen to diverge immediately the style is 
exserted and the anthers are retracted sufficiently. 

9. The movement is exceptionally difficult to observe in 
Senecio vulgaris as the proper stage is rare on any one plant, and 
the movement is distinct only during hot weather. 

10. The lateral movement in the Cii^horieae is slow, and the 
retraction of tlic anther tube requires careful observation. It 
frequently continues after the style branches have diverged. 

11. In Lapsana communis the straightening of a single fila- 
ment when touched can be observed easily ; the other filaments are 
seen to become more bent, thus tilting the anther tube in the 
direction of the stimulated filament. 

12. The critical stage in Taraxacum officinale is short, and 
the movement is shown only when the exsertion of the style is 
beginning. 

13. Dimorphotheca Ecklonis has orange pollen and dark 
purple stamens, the presentation of the pollen is therefore very 
easily seen. 

14. Calendula officinalis and Helipterum roseum are recorded 
by duel (28) as not irritable, but it must be borne in mind that 
these show the “ A” type only, and that species which are irritable 
in these latitudes may not show the character further north, cp. 
Torenia (Section B, Chap. III). 

15. Ursinia pulchra is very variable, showing “A ” distinctly 
under normal conditions in the north (Newcastle), “ B ” on warm 
days and “C” under exceptionally favourable circumstances. C/, 
speciosa is also very variable, but the “ C ” type has not yet been 
observed in this species. 

16. For details of the double movement in the stamens and 
the style in Arctotis sloechadifolia and Gazania splendens see 
Section B, Chap. III). 

17. The anther tube in Achillea macedonica is frequently split 
by the style. 

18. Achillea Ptarmica usually sliows “ A distinctly. At 10 
a.m. in the north (Forfarshire) it shows “C* slightly, but by noon 
it shows “ C ’’ distinctly. 



Notes on Table VIII. 6i 

19. Chrysanthemum corymbosum shows no movement until 
the critical stage when tlie anther tube is opening, and the style 
is frequently bent as in Doronicnm, 

20. The irritability in Antennaria dioica is described by 
Hildebrand (23) as similar to that of the Cynareae, so that it 
probably shows the “ C ” type. 

21. In Helipterum ManglesH the movement towards the touch 
through an angle of about twenty degrees is immediately followed 
by a movement in the reverse direction of about half that 
magnitude. 

22. In Odontospemtim maritivium the lateral movement is 
rapid, and is accompanied by a rapid ejection of the pollen, cp. 
Mutisieae, note 28. 

23. The movement in Echinops Rilro occurs only before the 
style is exserted, and usually only when the filament itself is touched 
(see note 24). 

24. In Cnicus palustris and most other species the lateral 
movement is greatest when the filament itself is touched, not the 
anther as has been usual in this investigation. 

25. The anther tube in Saussurea Yakla projects above the 
disc just high enough to rub the pollen at the top against the wing 
of a bee while it is standing on the disc. This mechanism is easily 
observed while bees are visiting the flower. 

26. The variation in the movement in Centaurea nigra, some* 
times “B” and sometimes “C,” is partly explained by the behaviour 
of the filaments. When the anther tube is touched at one side all 
the filaments can be seen to become more bent and then to 
straighten out, at the same time becoming shorter. The two stages 
seem to give time for one of the filaments other than the nearest 
one to contract first and the successive contractions give the 
type “ B." 

27. This exception {Centaurea pulcherrima) in the genus may 
be explained by the fact that a considerable part of the style is 
free from hairs and the pollen-presentation begins only after the 
exsertion of the style to a considerable degree. 

28. In Gerbera hybrida the pollen is extruded in small 
quantity but more l apidly than is usual in the “ C ” type : the 
movement is towards the touch. In Gerbera Jamesoni and Peresia 
multijlora the outer florets are much more active than the inner, 
and the greatest lateral movement is towards the centre of the 
capitulum. In the former species half the pollen is expelled at the 
first touch and the rest at the second. In the latter all the pollen 
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is expelled at the first touch. This explosive movement has as yet 
been observed only in the Mutisieae, and is sometimes so energetic 
that the pollen is thrown over the edge of the capitulum. 

29. The movement in Beilis perennis is most active, as in 
many other species, between noon and 3 p.m., and is sometimes 86 
strong that the anther tube is split against the comparatively thick 
and rigid style. 

30. The anther tube is frequently split in Celmisia verbascifolia^ 
cp. notes 2, 6 and 17. This character is also recorded for Cratistylis 
co7tocephala (49, p. 267, note 8). 

31. When repeatedly tested with a cloud over the sun 
Engeron Coulteri showed no movement, but an hour later with a 
few minutes of sunshine the “ A” type of movement was distinct. 

32. The movement is greatest in Erigeron multiyadiatus when 
touched so that the reaction is towards the centre of the capituluih. 

33. duel (28) records no irritability in Gaillardia aristata and 
the var. grandijlora showed none at 6.30 p.m., but was distinctly 
sensitive at 10.30 a.m. (Kew). 

34. The movement is greatest in Heliopsis scnbra when it 
is towards the centre, cp. note 32. 

35. In var. gratissima of the above species the anthers are 
forced apart when the filament is stimulated and the pollen is 
presented along the slit. In the evening the stamens are more or 
less free from each other, cp. notes 2, 6, 17 and 30. 

36. The lateral movement in Ileliantlius afumus is slight and 

slow, but Gray (13) previously recorded a distinct lateral movement 
(see Section A, Chap. III). • 

The physiology of the movement is discussed in Section D 
and the phylogenetic significance in Section E, so that it is only 
necessary to point out some of the chief facts of the distribution of 
irritability in the family as shown by Table VIII. 

Of the three main types, A, B and C, of movement C seems to 
be the most primitive because it involves only one step— the con- 
traction of one of the five filaments ; B involves the transference of 
the stimulus to the other four filaments, and this occurs in an 
indefinite order, giving an indefinite lateral movement ; A involves 
the transference of the stimulus to the other four filaments in such 
an organised fashion that all five contract simultaneously. 

In the cases where the A type of movement is recorded as 
slight it is possible that this is due to an incipient C motion, which 
would show as such in better conditions. The A type in the 
Anthenaidese, Lindheimera, Coreopsis and JSngerow, however, seems 
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to be a distinct movement of a higher type. C' and C* are 
obviously special developments of the general C type. 

In Senecio the C type is the commonest, while allied genera 
such as Arnica, Cineraria and Othonnopsh show the higher types 
A or B. The Tussilagininje and Vernoniese with a pollen presenta- 
tion like that of the Eupatorieae show no irritability, nor does the 
latter tribe. The Cichorieae are distinguished by a peculiar, slow, 
lateral movement of the primitive C type ; this type of movement 
also occurs in Senecio Lignlaria, var. speciosa. The C type is very 
active and highly developed in the Calenduleae, notably in 
Dimorpho theca. The Arctotideae combine an irritable style with 
the C type of staminal movement. The Anthemideae and Inuleae 
show an increase in the type A movement, while type C remains 
predominant. Six of the nine sub-tribes in the Inuleae have been 
examined and five show irritability. Type B is shown in a number 
of Cynareae, and this is to be correlated with the occurrence of the 
same type in Buphthahnum salicifoliuin. Type C' seems to be 
confined to the genus Centaurea, except for the intermediate stage 
shown by Erigeron and Heliopsis (see notes 32 and 34). The 
explosive type, C«, is confined to the Mutisieae. 

Five of the six sub-tribes in the Astereae have been examined 
and all show irritability, mostly of the C type, but with type A 
common and developed to a notable extent in Aster and even 
more so in Erigeron, TInee of the five tribes in the Helenieae 
have been examined, and only one (Helenieae) shows irritability 
with certainty. This is noteworthy, and is to be correlated with 
the number of genera in the Heliantheae which show no irritability. 
Seven of the ten sub-tribes in the Heliantheae have been examined, 
and six show irritability. Irritability is scarcely to be 
expected in the dioecious forms of the Ambrosiinae ; the predomin- 
ance of the C type in the Verbesiinae and the large proportion of 
the A type in the Melampodiinae and Coreopsidinae are to be noted. 

D. Physiology of Irritability. 

Apart from such statements as that of Bose (3) that the 
stamens in the Compositae are truly sensitive, Cassini’s sugges- 
tion (6) of the death of the filaments as the cause, that of Ker (30) 
that the movement of the style in Arctotis is due merely to 
elasticity and Meehan’s similar explanation (41) of the movement 
of the stamens in Helianthus, with the contradictions by Brown (4) 
and Gray (13-14), considerable progress has been made with the 
study of the general phenomena of irritability. Smith (51) 
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discovered the localisation of the irritability in Berheris and 
Goeppert (12) and others followed with physiological studies of 
that genus. Kabsch (29) seems to have been the first to make a 
proper physiological investigation of the movement in Ceniaurea, 
He figures and describes the vascular supply and the tactile hairs. 
He suggests that the spiral vessels are perhaps responsible for the 
well-known elasticity of the filaments, and considers that the tactile 
hairs occur so frequently in all irritable floral organs that they 
appear to be the chief factor in irritability. 

Heckel (22) distinguishes between nutritive irritability with an 
automatic mechanism as in Ruta and functional irritability as in the 
many other cases where a touch is required to set the mechanism 
in motion. The latter class can be conveniently sub-divided into 
those cases where the action is mechanical, as in the explosive 
stamens of Urtica^ and those where the response is protoplasmic in 
origin, as in Berheris and the Compositae. 

Pfeffer (45) made the next important contribution, and there 
is an easily accessible account of this work in his Physiology of 
Plants (46). He shows that in Berheris the mechanism is similar to 
that of the pulvinus in Mimosa^ and that the structure and distribu- 
tion of the irritable tissue in Helianihemum, etc., cause the stamens 
to move always in the same direction wherever they are touched. 
He also shows that the contraction of the filaments in theCynareae 
is due to a loss of turgor, that the filaments contract with a decrease 
in volume and the exudation of water into the inter-cellular spaces, 
which are largely developed in the tissue of the filament. The 
conti action varies from 8% to 30% of the length of the stamens, 
and as the injection of a *5 — 1*0% solution of potassium nitrate 
causes the same amount of contraction Pfeffer concluded that the 
energy of contraction amounts to from 1 to 3 atmospheres pressure. 
On these grounds he controverts Cohn (9) and Unger (54-55), who 
maintained that the filaments broadened as they contracted and 
that there was no diminution in volume. Cohn also considered 
that the active contraction of the protoplasm was responsible for 
the movement, but Pfeffer considered this improbable on account 
of the high energy of contraction. He also contradicts Hofmeister 
(24), who suggested that the cell-wall was the responsive part of the 
cell, although he agrees that the power of contraction lies in the 
cell-wall, and shows that the filaments after stimulation and con- 
traction when put in boiling water contract 10% — 40% of their 
length more on account of the elasticity of the cell-wall. 

Oliver (44) showed that in the case of the stigmas of Mimulus 
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and Martynia the transmission of the stimulus was completely 
independent of the vascular bundle, and that the presence of a well 
developed system of intercellular spaces coiifirmed Pfeffer’s theory 
of the extrusion of water and loss of turj^or as the cause of the 
movement. Chauveaud (8) controverts Pfeffer and returns to a 
position similar to that of Cohn. Minden (42), however, considers 
that the style of Arctotis shows analogies in structure and 
movement with those described by Pfeffer in the stamens of tlie 
Cynareae. The marked effect of the meteorological conditions 
on the movement of the styles (47) and stamens (49) is 
another piece of confirmatory evidence. The fact recorded by 
Harger (21), that if no pf)llen is placed between the stigmatic 
lobes of Martynia they soon re-open, hut with pollen this never 
occurs, also shows tiiat the movement is no mere mechanical one. 

Most of those who have described the tactile hairs, especially 
Haberlandt (15), consider them to be organs of perception, but 
Halsted (18) has recorded a movement in at least two species in 
which no tactile hairs are present. Many of the species given in 
Table VIII also show no tactile haiis, and Linsbauer (37) regards 
these hairs when present as stimulators or stimulus-transmitters 
rather than organs of perception. 

It may be considered proved that a loss of turgor when the 
filament or style is touched is the cause of the movement, and 
Haberlandt states that “ it is not known whether the fall of turgor 
depends upon a sudden diminution of the osmotic strength of the 
cell-sap, caused by the external stimulus, or whether the latter 
brings about an increase of the permeability of the ectoplast 
towards the osmotically effective constituents of the cell.** If we 
consider that the cell-sap has a much more stable composition 
than the ectoplast, and that the latter is protoplasmic and there- 
fore in a condition of unstable equilibrim, it is not difficult to see 
which is the more likely to be affected by a sudden change on 
being touched. Dr. F. P. Blackman in a recent lecture 
(London, 1913) suggested that the irritability of the stamens in 
the Cynareae might be due to permeability changes similar to those 
in the pulvini of Mimosa and Phaseolus, The writer (50) has 
recently shown that the geotropic sensitiveness of the root is due to 
permeability changes giving a differential loss of turgor and con- 
sequent movement. The difference in the time relations of the 
movement in the root and the filaments is to be explained by the 
state of tension of the latter and their relative slimness. In those 
cases where tactile hairs are absent the same deformation of the 
sensitive protoplasm may occur in the epidermal cells as probably 
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occurs in the tactile hairs when they are touched, thus starting the 
changes which result in the movement. 

It is hoped that the necessary apparatus will be devised 
presently to prove the similarity, if it exists, in the stimulation of 
the root and of the stamens, and it may be possible also to test a 
suggestion that in both cases the first result of the application of 
the stimulus is a change in the electrical condition of the limiting 
layer of the protoplasm, which change alters the permeability, and 
therefore the turgor, giving the elastic cell-walls an opportunity to 
contract in the case of the filaments and to expand at a relatively 
greater rate on the upper side in the case of the root. 

E. The Phylogenetic Significance of Ieritability 

Considering all these facts in the light of the probable lines 
of evolution (found as a result of the examination of the morphology 
of the styles and stamens) shown in Pig. 7, Chap. II, the first 
point to be noticed is that in no case is a sub-tribe which shows 
irritability derived from one showing no irritability. This fact in 
itself is very good proof that irritability has followed the same 
lines of evolution as the morphology of the pollen-presentation 
mechanism. The second point is that the possible affinities of 
the Gnaphaliinae with the Gorteriinge and Gerberinse are rendered 
less probable by the occurrence both in the Gorteriinae and 
Arctotidinae of irritable styles of the same type, and by the occurrence 
in both the Nassauviinse and Gerberinae of an explosive mechanism 
of a peculiar type. Tliese two pairs of sub-tribes seem to be more 
intimately connected than is suggested by the morphology of their 
styles and stamens. The development of the A type in several 
distantly related groups is not of great importance, as that type of 
movement is a logical development in the evolution of irritability. 

The Cichoriese are again isolated on account of the peculiar, 
slow movement of the anther tube, which movement, however, is 
also shown by Senecio Ligularia, var, speciosa. 

The Tussilagininae, Vernonieae, Eupatorieae, Ambrosiinae and 
Athrixiinae are all end groups derived from groups in which irrit- 
ability is present, so that the absence (as yet) of records of irritability 
for these groups does not in any way invalidate the previous 
arguments. As before the Othonninse cannot be distinguished 
from the Senecioninae, nor can the various tribes of the Cichorieae 
be separated from each other with any certainty. 

The Calenduleae show a marked development of the C type in 
Diniorphotheca, thus confirming the affinity with the Senecioninis. 

The Arctotideae are again isolated on account of their irritable 
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styles, but by the same phenomenon the tribe is shown to be more 
homogeneous. The occurrence of types A and B, as well as C, but 
no irritable style in Ursinia is very interesting as that genus was 
suggested (Chap. II, E) as the primitive genus in the tribe. 

The two sub-tribes in the Anthemideae again cannot be 
distinguished. 

The large development of irritability (90% or 18 out 20 species) 
in the Inuleae is quite in accordance with the suggested derivation 
of the Cynareae from that tribe, and the marked movement in 
Odontospermum and the occurrence of the B type in Buphthahmun 
also support the same suggestion. Only one of the Cynareae 
examined {Centaurea pulcherrima) showed no irritability, but the 
pollen-presentation is somewhat anomalous, and further investigation 
is required. Irritability is highly developed in this tribe, and the 
type A movement is combined in a marked degree with the lateral 
movement of the C type, so that the advanced position of the 
Cynareae is maintained. 

In the Mutisieae it was suggested that tlie Nassauviinae was the 
primitive group, and this is supported by the occurrence of the A 
and B types in Moscharia of that sub-tribe and the development of 
the explosive mechanism in Perezia and the Gerberinae. 

In the Astereae the absence of the A type from the Homo- 
fchrominae and the Conyzinaemay be taken as the forerunner of the 
complete absence (by disappearance) of irritability in the Eupatorieae, 
or it may be that the Heterochrominae with type Ais the higher group. 
The development of the A type in the Heterchrominae confirms that 
group as one in advance of the Scnecioninse, while the absence of the 
A type in the Bellidinse is to be explained by its relative nearness 
to the primitive stock. 

The Heleniese are particularly interesting. On account of their 
comparatively advanced stamens (types 4-6) the Heleniinae were 
placed above the Tagetinae (type 3), but were derived from the stock 
before the latter on account of the simplicity of their styles (type IV) 
as compared with the Tagetinae (types VII-VIII). Now, while the 
latter shows no irritability, the Heleniinae do so to a large extent. 
The other sub-tribes were derived from the Tagetinae, and show no 
irritability. 

In the Heliantheae the A type movement, which is undoubtedly 
distinct from the C type, occurs in the Coreopsidinae and Melam- 
podiinae, two sub-tribes which are placed in the same line of 
evolution in the original phyletic scheme. 

We, therefore, come to the conclusion that the evolution of 
the sub-tribes suggested in Pig. 7, Chap. II, is confirmed by the 
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study of the irritability of the pollen-presentation mechanism in 
every point upon which we can bring it to bear in the present 
strictly limited condition of our knowledge of the distribution of 
irritability in the family. There are many gaps which it is hoped 
to fill by a more extensive study of the phenomenon. 
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Chapter IV. 

THE COROLLA. 

T he main characters of the corolla may be divided into four 
groups — form, development, colour and vascular anatomy, 
and, in addition to the presentation of the facts concerning these 
characters, the present chapter includes the history of our 
knowledge of the corolla in the Compositae and a discussion of the 
bearing of the facts and the theories of variation in the corolla 
upon our general problem of the origin and development of the 
family. 

A. History. 

The history of the corolla begins with the observation by 
Theophrastus (see Chap. I, Section A) of its epigynous position. 
During the period of the herbals very little attention was paid to 
the floral characters. Among the early writers, Lobel (49) seems 
to have considered the corolla in grouping his genera and Caesalpino 
(14) used the colour of the corolla to sub-divide his Class XI, the 
Anthemides, which included practically all the Compositae not in the 
Cynareae or Cichorieae. 

Morison (57) used the colour of the corolla and the presence or 
absence of rays in his sub-divisions of the Compositae; Ray (69) and 
many systematists in the succeeding period followed his example. 
The discoid, rayed and ‘‘ semi-flosculose '' (Cichoriaceous) condition 
of the corolla furnish the diagnostic characters for the main divisions 
of the family in Tournefort’s system (81). Boerhaave (8) separated 
the Cynareae from the other discoid forms and endeavoured to place 
these latter among related genera, distinguishing radiate and discoid 
forms. 

After the definite establishment by Vaillantus (86) of the 
sections, Cynarocephalae, Corymbiferae and Cichoraceae very little 
advance was made in the use of the characters of the corolla until 
Cassini published his analysis of the corolla (16) ; the chief point to 
be noted is the establishment of the Labiatiflorae (Mutisieae) by 
De Candolle and Lagasca. Berkhey, in 1760, (7) considered the 
corolla in some detail but added nothing new. Gaertner, in 1791 
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(31), returned to the Radiatse and Oiscoidese of the earlier 
systematists. Bentham (see Bib. 1, 7) confirmed Brown’s statement 
(10) of the universality of the valvate aestivation of the corolla in 
the family and considered the characters of the corolla as important 
for purposes of classification. Robertson (72) mentions a curious 
point concerning the receptacular bristles in Echinacea spp., which 
protect the flowers from bees and adapt them to butterflies by 
increasing the functional length of the nectar tube beyond that of 
the corolla. 

The only observations of the “ absciss-mechanism ” of the 
corolla seem to be those by Yapp (98). 

In connection with the popular explanation of the enlargement 
of the corolla of the ray florets at tlie expense of the stamens, 
Uexkull-Gyllenband (85) adduces numerous examplesof (1) reduction 
in the stamens with no reduction in the corolla, (2) enlargement of 
the corolla with no reduction in the stamens, (3) reduction in the 
stamens with reduction also in the corolla, and (4) reduction in the 
stamens with both enlargement and reduction of the corolla in the 
same species. It may, therefore, be considered proved that there 
is no correlation between the enlargement of the corolla and the 
absence of the stamens in the ray florets. 

The detailed history of the corolla subsequent to Cassini may 
be most conveniently given in various sections as follows : — 

Development. The first account of the floral development in the 
family is by Buchenau (12, 1854), who extended his observations 
in a later contribution (13). Two years later Cruger (22) showed 
clearly that the corolla was differentiated before the pappus, and 
the follovving year the study of the subject reached its highest point 
in Payer’s clear and elaborate exposition (67). Payer confirmed 
the late appearance of the “ calyx ” and the early appearance of the 
posterior split in the Cichorieae. Weber (89) considered that the 
corolla in the Cichoriea and that of the ray florets in other tribes is 
an entire tube which is split only by the growth of the style and 
stamens when the corolla is quite mature. Kohne (46), Buchenau 
(13) and Payer (67) all agree in observing the early posterior split 
in the Cichorieae and the abortion of the posterior lip in the ray 
florets. Hildebrand (36) gives the usual account with a few figures, 
but Payer’s figures are the best yet published. Cramer (21) treats 
of the Compositae, but considered only the ovule in detail. 

Our knowledge of the development of the corolla was extended 
to the " Labiatiflorae ” by Hanlein (35) who considered that the 
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bilabiate corolla showed a development intermediate between that 
of the ordinary ray corolla and that of the tubular corolla. 

Coulter (20) considered that the primordia of all four sets of 
floral organs are blended at first and that the late appearance of the 
calyx is due only to the late development of its upper portion. 
Martin (51) agrees with Coulter and points out that of necessity the 
“ calyx-tube must be the first part to appear. As no demarcation 
can be observed between the ovary wall and the so-called calyx-tube 
it would seem more in accordance with modern nomenclature to 
describe the undifferentiated primordium as the receptacle of the 
flower. 

The most recent contributions are those by Merrell on Silphium 
(54) and by the writer on Senecio^ Calendula and T araxacum (81). 
Merrell again confirms the corolla as the first floral part to be 
differentiated and goes into many interesting details of the other 
parts of tlie floret. 

Colony. Hildebrand in his elaborate treatise (37) includes a 
number of observations on the Compositae. He established the 
colour sequence — green, yellow, white, red, violet, blue — by 
observiiig the following facts — blue flowers vary to violet, red and 
white but seldom to yellow; red flowers vary moie to yellow 
than do blue flowers; yellows may vary to blue but more often to 
red ; gi een flowers give yellow and white flowers ; yellow gives 
orange with red plastids and the colour of the sap gives leds and 
blues. 

Miiller’s contributtons are extensive but he gives two very 
useful historical accounts (60-61). The views expressed in one of 
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^Jiiis earlier papers (58) may be given as a diagram, Pig. 8. In his 
Alpenblumen (59), Table II, p. 481, his figures for the insect visitors 
to yellow and to white flowers are very similar, but he gives the 
colour sequence — greenish-yellow, yellow, yellow with orange red 
spots, white, white with yellow spots, rose red, deep red. From 
other tables butterflies, and even bees, seem to prefer yellow to 
white. 

Avebury (2) considers that blue flowers have evolved from 
green flowers by passing through the intermediate stages of white or 
yellow and generally red. 

Grant Allen (1) gives a similar colour sequence, but in 
considering the Compositse he takes the Cynareae as primitive on 
account of their highly developed colours and states that reversion 
in colour has been tlie rule throughout the family because “ the 
primitive ancestral composite had reached the stage of blue or 
purple flowers while it was still at a level of development 
corresponding to that of the scabious or yasione^ He also 
considered that the Ligulates were again developed from the 
yellow-rayed Corymbifers by the conversion of all the disk florets 
into rays.^’ 

Observations by Willis and Burkill (92) confirm the general 
sequence. Table XII (92a) shows yellow above white but Table 
XI II (/o^. cit.) shows a decided preference by the higher insects for 
white.' In most of the tables given white is seen to be preferred to 
yellow by desirable visitors and in Table XXXVI 1 (92b) the order 
of efficiency is given as — rose purple, blue, lilac, white, yellow, 
green. 

De Vries (87-88) gives many examples in the Compositae of the 
atavistic variations noted by Hildebrand (37) and also progressive 
variations where white flowered species have suddenly developed blue 
varieties, such as Agerattun coenileuni. A similar progressive 
mutation, where a white ray appeared in one capitulum of a normally 
yellow flowered Dahlia, is discussed in its biochemical aspect by 
Kajanus (45). Other sudden variations in colour are recorded hi 
Cosmos by Longo (50). An interesting atavism is recorded by 
Daniel (23), see also Small (77). 

Anatomy. Jacquin (43) and other early botanists who figured 
the corolla in the Compositae did not usually indicate the venation 
accurately ; usually a vein is put in the position of the midrib for 

’ There are several kinds of whites, see Neilson Jones (64a). 
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each lobe (see Jacquin, plates 589-595). Berkhey (7) is an exception 
as he shows the veins correctly in his figures. 

Brown (10) was the first to observe the ve*)ation of the corolla 
in detail and gives the disposition of the veins (alternating with the 
corolla lobes and dividing, then uniting to form an arch to each 
lobe) as a remarkable point common to all Compositae. On this 
character he controverted the removal of the Ambrosiinae from the 
Compositae as carried out by various authors from Linn^ down- 
wards (see Table I, Chap. 1) In a later contribution Brown (9) 
gives an account of the history of this subject up to his date, 1818. 

Don (27) at a later date duly noted the venation of the Cichori- 
aceous corolla. He also discussed the vascular supply in Zinnia 
(28) and considered that the corolla was absent in that genus, on 
account of the peculiar veining of the structure ; the ray being “ an 
elongation of the exterior cortical layers of the ovarium.’' 

Hildebrand (36) gives very good details in Plate I, Pig. 6, of 
the vascular supply of the corolla in Taraxacum and also in other 
types. The only detailed observations of the vascular supply of 
the corolla are those by Tr^cul (83, see also 76) and those by the 
writer (76). 

Anomalous Structure, Anomalies in the structure of the flower, 
especially the corolla, are dealt with in detail by Masters (52) and 
at greater length by Worsdell (97). It is, therefore, necessary to 
point out only a few marked or additional facts. 

There are a number of records of floral anomalies in Helenium 
autumnale. The most complete account is that by Worsdell (96). 
Other accounts have been given by Masters (53) and the writer (77). 
A proliferation similar to that which occurs in Helenium is recorded 
by Beketoff (6) for Cichorium Intybiis, 

The proliferation known as the “hen and chickens” occurs 
frequently in a number of genera, see Worsdell (97) and Offner (65). 
Daniel (24) records some interesting grafting experiments where the 
interaction of the scion and stock extended to the number of capitula 
developed. 

Depauperation occurs frequently. James (44) gives an account 
of a solitary capitulum instead of numerous capitula in Rudbeckia 
hirtUy but genera with branched inflorescences frequently have one 
or more more species in this condition, a notable example being 
Liabunit § Paranephelium, and a more remarkable example outside 
the family, Gardenia Thunbergia, Rubiacese (79). 

Another form of depauperation is a reduction in the number 
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of florets in the capitulum. Madta saliva usually has about 25 disc 
florets and 10 ray florets. Madia dissitijiora usually has 3-6 disc 
florets and 5-8 ray florets. Specimens of these two species were 
grown in pots in 1916 at Newcastle and both showed only two or 
three disc florets and two to four ray florets. A similar phenomenon 
is recorded in Anthernis Coiula (3), where the disc florets were 
entirely absent and from 6-20 ray florets, arranged in the “ double’’ 
fashion, remained. Fasciated capitula are common, see Worsdell 
(97), Bailey (4), Bruckman(ll) and Palibine (66a). 

Two very curious anomalies are the common, if not constant, 
occurrence of loose florets on the root stocks of Catananchc lutea^ 
which is recorded by Daydon Jackson (42), and the so-called super- 
numerary petals recorded by De Candolle (15). 

Anomalous Bilabiate Florets. One of the eai liest indications of 
this anomaly is the description of the four-toothed corolla of Erigeron 
humile by Graham (34). Eichler figures (30, p. 286) a bilabiate 
corolla in Xeranthemum annuum. Giard (33, Plate 1, Fig. 2) figures 
a few bilabiate, neuter, ray florets in Pulicaria dysenterica. 
Celakowsky (17, and see Worsdell, 97, Plate 39) figures a similar 
structure in Anthemis austriaca. Uexkiill-Gyllenband (85) figures a 
two-lipped corolla in Psiadia glutinosa, Heterothalamus brunioides^ 
Xeranthemum annuum, Erigeron alpinus, Centaurea Jacea, (see Pig. 
4, Chap. II), also in Denekia capensis and Petasites spp. Wettstein 
(91, p. 468) figures the same phenomenon in Plagiocheilns pednn- 
cularis. Trow (84, p. 274) figures an irregularly bilabiate corolla in 
Senecio vulgaris. Hoffman (38), in addition to several of the above, 
figures a bilabiate corolla in Grangea maderaspatana. Other 
examples are Helenium autumnale (Fig. 9, 9) and Chrysanthemum 
Leucanthemum (see Traverse, 82). The writer has figured bilabiate 
forms in Calendula and Dimorphotheca (77, see Fig. 9, 10-11). The 
reduced corolla of the honey flowers in Leontopodium alpinum 
recorded by Uexkull-Gyllcnband (Fig. 4, Chap. II) were first 
mentioned by Schroter (73), Muller (61a) and Boeuf (7a) record 
cases of polymorphism with changes in the size of the corollas of 
the outer florets. 

Chrysanthemum Leucanthemum, var. tubulifera. Dickson (26) 
exhibited specimens of this anomaly, where the ray florets are 
tubular as is frequently the case in Helenium autumnale, at the 
British Association.in 1874. Stevens (80) in 1907||andTraver8o(82)in 
1911 figured various other irregularities, in the rays of this species. 
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Recently the phenomenon was again recorded for Britain by Rea 
(70) and was named as above in an account by Lindfors (48). 

The occurrence of similar tubular ray florets in Helianthus 
anniiiis^ Raiibula columnifera, var. tubulariSf Rudbeckia hirta, var. 
tubulifoniie^ and Gaillardia pulchella^ var. fisUilosa (G. fistulosa, 
Hort.) is recorded by Cockerell (19), and in Gaillardia aristata by 
Robbins (71). 

Mutations, The sudden appearance of these various anomalies 
adds strength to the evidence for discontinuous variation in the 
Compositae. Many examples of such mutations in the corolla and 
other parts are given by DeVries (87), the origin of Chrysanthemum 
segetunr plenum (88) being a particularly clear case of the origin 
of a variety suddenly under experimental conditions. The origin 
in nature by mutation of Arctimn mums iaciniatum is discussed by 
Hus (40). 

Ostenfeld (66) has studied the origin of micro-species in 
Hieracium under experimental conditions and gives as his opinion 
that ‘‘very probably, in Europe, new forms of this sub-genus 
{Archihieracium) are appearing at the present time, and it is an 
interesting fact that many of the described species have an 
extremely limited distribution, which points to a very recent 
origin.'^ This last phrase is of great interest in connection with 
Willis’s Law of Age and Area (94 and 74a) which will be discussed 
later. 

Trow (84) has also recorded a mutation in Senecio vulgaris and 
Ishikawa’s cytological work (41) seems to indicate the presence in 
the Compositae of tetraploid mutations and “ pairs of species ” as 
described by Gates (32). Phillipi (68) records another mutation in 
Senecio vulgaris, a gynodioecious strain. 

The anomalous genus, Fitchia, was placed in the Cichorieae by 
Hooker (39); Nadeaud suggested at first (63) that it should be in 
the Heliantheae but afterwards (64) agreed with Hooker. Del 
Castillo (29) subsequently placed the genus in the Mutisieae. Such 
cases are best regarded as large mutations like those claimed by 
Willis (93) in the Podostemaceae, and their study in the light of 
modern evolutionary ideas, such as suggested by Davenport (25), 
is sure to be a great help in the attainment of the truly natural 
classification, which is the aim of the present and future investi- 
gations. 

Doubling, In addition to the numerous cases of doubling 
discussed by De Vries (87-88), Molliard describes some interesting 
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observations on the causes of doubling in various capitulate species 
(55-56a). In the Compositae he mentions a doubling of Matricaria 
inodora as due to Peronospora Radii (56), and in Beilis perennis as 
due to Eriophyces sp. (56a). 

More or less closely allied to the phenomenon of doubling is 
the number of ray florets but as this and the number of involucra 
bracts and receptacular paleae seem to be expressions of the relation 
of phyllotaxis to mechanical laws (see Church, 18, Pig. 46, etc.) the 
whole matter will be discussed latter in a chapter on phyllotaxis. 

B. Variation in Form of the Corolla. 

The main thesis of this section is that the ordinary ray floret 
of the tribes other than the Cichorieae has really a bilabiate 
structure, the inner lip being aborted as a rule but frequently more 
or less developed. It is, therefore, considered advisable to restrict 
the use of the term ligulate to the five-toothed, properly strap-shaped 
corolla of the Cichorieae. The fundamental type, as is well shown 
by Uexkull-Gyllenband (Pig. 4, Chap. II), is the tubular corolla with 
a campanulate upper region and five equal lobes. In addition to 
these three types there is a very narrow, tubular form. Pig. 10, A, 
which is described as filiform. 

The Ligulate Type, 

As will be shown later (Section C) the ligulate corolla is 
easily derived directly from the tubular type by a simple splitting or 
rather by the failure of the connecting tissue to develop between 
the two posterior petals. The extreme uniformity of this character 
in the Cichorieae confirms the conclusion from the uniformity of the 
pollen-presentation mechanism that the Cichorieae are monophyletic. 
The origin has been suggested to be mutational by the writer (77), 
who also suggested a recent derivation from the Senecioneae aYid 
gave as confirmatory evidence of the Senecioneal origin the 
occurrence of a type of pollen grain in Senecio (Pig. 9, 23) which 
is intermediate between the characteristic type of the Tubuliflorae, 
(Pig. 9, 22), and that of the Cichorieae as figured by Beer (Pig. 9, 24). 

The origin of the Cichoriese by mutation involves only two 
marked changes, the development of the ligulate corolla and of 
laticiferous vessels. The problem presented by the latter change 
is being investigated and as a first step the latex has been shown to 
be translocated after the manner of carbohydrates (74). The 
occurrence of transitions from the ordinary mucilage sacs to 
aticiferous vessels and the development of laticiferous tissue of 
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various forms in comparatively distantly related genera favours 
the assumption that this change can take place with comparative 
ease. 



Fio. 10. Corolla forms — A, Cavea tanguensis, filiform; Stohesia cyanea', 
C, Brachyglottis repanda, ray ; D, Nassauvia axillare ; E, N anothamnua serictus, 
disc ; F, Dipterocome pusilla, ray ; G,Ainsliaa pteropoda; H, Catamixis haccharoides 
(after Thomson) ; d , Cry ptosiemma calendulacea, r^yy \ K, AnacycUis clavatus, disc; 
L, A. clavatus, var. inconstans, disc; M, A, tomentosus, disc; N, Siebera pungens ; 
O, Mutisia lanata, disc ; P, M. lanata, ray ; Q, Erythrocephalum zambesiacum, ray ; 
R, Seris polymorpha, ray ; 8, Hinterhubera colimbica^ one variation of ray ; 

T, Tridax MandonuXy ray ; U, Monolopia major, ray ; W, Microspermum 
debile, ray. 


The origin of the ligulate corolla can scarcely be other than a 
discontinuous variation, as there is no genus in theTubuliflorse which 
shows even rarely the true ligulate corolla. The flve-lobed, palmate 
corolla ofStokesia (Pig.lO, B)and the sub-palmate, flve-lobed orflve- 
toothed corolla, which occurs rarely in some species oi Elephantopus 
(Vernonieae), Pentachcete, Lessingia^ Phrigeron (Astereae), Chromole- 
pis (Heliantheae), CephalophorUt Hdenium (Heleniese), Chrysanthe- 
mum (Anthemidese), Senecio (Senecioneae) and more commonly in 
several genera of the Cynareae and Mutisieae, are ob-ovate and 
palmately lobed, not oblong with practically parallel margins and 
flve triangular teeth like the corolla of the Cichorieae. 

This palmately lobed corolla is only one particular case of the 
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very varied development of the bilabiate type. The series given, 
Fig. 9,4-9, for Heleiiium autumnale includes one, Fig, 9, 5, which 
belongs to the palmate type and two others, Fig. 9, 7-8, where the 
abortion of the fifth lobe is progressing to the complete absence 
shown in Fig. 9, 6. 

The origin of the ligulate type by a mutation seems very similar 
to the origin of the fimbriate type described by Trow (84). The 
dropping out of a factor for non-ligulateness in the same way as the 
supposed factor for non-fimbriateness is suggested to have done, 
would, with the addition of the presence of laticiferous vessels, give 
the first of the Cicliorieas. 

The Bilabiate Type. 

The presence of the posterior lip of the bilabiate corolla occurs 
markedly in tlie Mutisieae, where it is characteristic of four of the 
sub-tribes and occurs in Seris (Fig. 10, R) and Ainsliaea (F\g. 10, G) 
of the Gochnatiin^e, but it is by no means confined to that tribe. 
In addition to the sporadic appearance of the posterior lip described 
in Xerantheiniuiiy Pulicaria^ Anthemis^ Psiadia^ Heterothalamus^ 
EidgeyoUf Centaureay Deiiekidy Petasites, Plagiocheilus, Seneciot 
HeleaiiuUf Chrysanthemum^ Calendula^ Diniorphotheca and Grangea 
the phenomenon has been observed by the writer to occur occasion- 
ally in the double varieties of Callistephus^ Chrysanthemum ^ 
Helianthns, and Tagetes. 

One of the posterior petals is frequently developed in the ray 
florets in most of the tribes giving a 4-dentate or 4-lobed corolla. 
The usual number of lobes in the anterior lip is three, but these may 
be fused to give two or the lip may be entire. 

In the Senecioneae a posterior lip is sometimes developed in the 
filiform florets of Erechtites and it is a normal character of the uni- 
seriate rays in Brachy glottis^ a monotypic genus very closely allied 
to Senecio, Fig. 10, C. 

The posterior lip is also developed frequently in the rays of the 
monotypic genus, Dipterocome, in the Calenduleae (Pig, 10, P), 

In the Arctotideae Cryptostemma shows the character (Pig. 10, J). 

In the Anthemideae Anacydus, § Diorthodon, D.C. has the ray 
entire or 3-dentate but the disc florets although sometimes 
regularly 5 lobed, are frequently bilabiate, the two posterior 
lobes being narrow and erect while the anterior lip has the normal 
form (Pig. 10, K-M). 

In the Inuleae Nanothamnus, another monotypic genus, has one 
of the posterior petals of the hermaphrodite florets split off from the 
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other four down to the base of the limb, thus giving a bilabiate corolla 
(Pig. 10, E). Throughout the tribe there are many filiform corollas 
with the apex bi-dentate or bi-fid ; this is another modification of 
the bilabiate corolla. 

The outer florets in the Cynareae show various bilabiate forms, 
as in Centaurea (see Pig. 4, Chap. II). In Xeranthernum (Pig. 4) 
and Siebera (Pig. 10, N) the corolla of the female florets is constantly 
bilabiate with the anterior lip entire or 2-dentate and the posterior 
lip divided in two. 

The predominance of the bilabiate corollas in the Mutisiese 
has already been noticed. In Barnadesia (Fig. 9, 14) all or only 
the exterior florets show a 4 + 1 type of bilabiate corolla. In 
the Onoseridinae the bilabiate corolla as a rule occurs only in 
the 1-3-seriate ray florets, but in Mntisia, the largest genus, 
the condition sometimes extends to the disc florets also (Pig. 
10, 0-P). The anterior lip has 2-3 lobes or is entire (Eyythro- 
cephalum) and the posterior lip has two lobes (Pig. 10, Q). The 
capitulum in the Gochnatiinae is homogeneous as a rule, but in 
Seris and Ainslicea an inequality in the length of the laciniae of the 
corolla makes it sub-bilabiate. The Gerberinse show great variety 
in the structure of the two lips. All the florets in the capitulum are 
usually bilabiate, the anterior being entire or 1-4-lohed and the 
posterior lip entire, two-lobed or absent. The entire posterior lip 
is due to the fusion of the two lobes or more frequently to the 
development of one of the posterior petals with the anterior lip to 
give a 4 + 1 combination. Pig. 9, 14-15, instead of the usual 3 -f 2, 
Pig. 9, 12-13. The complete abortion of the posterior lip makes 
the ray floret an ordinary one. In the monotypic genus, Catamixis^ 
all five petals are fused and the split is posterior so that something 
like a ligulate corolla results (Pig. 10, H), but this is just one more 
variation in the manner of splitting and cannot be taken as an 
intermediate type leading to the Cichorieae. In the Nassauviinae 
all the florets in the capitulum are bilabiate, usually with the 3 + 2 
combination (Pig. 10, D), but the anterior lip is entire in Oxyphyllum 
and various other genera show combinations and fusions of the 
lobes such as 4 + 1, 3 + 1, 2 + 1, 2 + 2 and 1 + 1. 

All these variations prove that the corolla in the Mut^'sieae is in 
a very mutable condition and, in spite of the explosive irritability 
discussed in Chap. Ill, it is possible that the Mutisieae is not a 
natural group but a collection of bilabiate forms with the addition 
of the genera of the Gochnatiinse, which are scarcely to be 
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distinguished from the Cynareae. That a bilabiate corolla is not a 
character of tribal rank is obvious from the large number of cases 
where it occurs in other tribes. 

In the Astereae the corolla of the ray florets in Hinterhubera 
(Fig. 10, S), Remya and Nidorella is bilabiate. 

The only genus in the Heliantheae which shows normally a 
bilabiate corolla is Tridax, Here the corolla of the ray floret is of the 
3 + 2 type in some species (Fig. 19, T), the two posterior lobes being 
distinct in T. decumbens, L. and very small or completely aborted 
in the other species, such as T. angusti/olia. The position of this 
genus in the Galinsoginae strengthens the affinity suggested (Fig. 7, 
Chap. II) between that sub-tribe and the Helenieae, where the bi- 
labiate corolla occurs occasionally in several genera. 

These genera of the Helenieae are — 1, Monolopia, where the 
posterior lip takes the form of a small protuberance (Fig. 10, U). 
2, Chcenactis, where forms like those given for Helenium occur 
(see Fig. 9, 4-9). 3, Ba/uVi, where the corolla is sometimes unequally 
and obliquely divided into four or five lobes. 4, Microspermum, 
where the outer florets have normally the 3-1-2 type of bilabiate 
corolla (Fig. 10, W). 5, Pectis, where the disc florets have the 

corolla sometimes unequally 5-lobed. 6, Helenium, (see Fig. 9, 4-9). 

In all cases where there are only one or two rows of ray 
florets they are apt to disappear giving discoid capitula. This 
occurs in all tribes but especially in the Senecionese and Anthemidese, 
see list given by Murr (62). 

I'he Filiform Type. 

The term filiform is applied to the very narrow tubular corolla 
(Fig. 10, A) without the expansion into a limb at the top, as in the 
ordinary campanulate, tubular corolla. It is more or less character- 
istic of the Inuleae, which Bentham divides into two series, the first 
five sub-tribes with the female florets filiform, and the other four 
with the female florets bilabiate. This plasticity of the corolla in the 
outer florets in the Inulese is to be compared with the similar 
plasticity in the Cynareae. 

Outside the Inuleae this type of corolla occurs only in 
Aphantochcete, Olearia, Erigeron, Conytn, Haastia, Psiada, Adelostig- 
ma and Baccharidinae in the Astereae and in the Senecioneae. 

In Erigeron the female florets are usually bilabiate and very narrow 
or capillary, but the female florets towards the interior of the 
capitulum are sometimes filiform. 
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This fllifoi m type is clearly another modification of the basal 
type, the tubular campanulate corolla. It is frequently only 2- or 
3-lobed at the apex and is, therefore, considered to be derived from 
the basal type through the bilabiate type by an elongation of the 
tube and reduction in the lips. This accounts for its femaleness and 
its position near tlie margin of the capitulum and also for the 
transitional stages where the outer florets are bilabiate and some of 
the inner florets filiform. 

Analysis of the Corolla Forms, 

The occurrence of these various types throughout the family 
may be briefly summarised thus : — 

Senecioneae — Tubular, bilabiate with the posterior lip developed 
sometimes, filiform in Homogyne and palmate in 
anomalous cases. 

Cichorieae — Ligulate. 

Calenduleae — Tubular and bilabiate with the posterior lip developed 
sometimes. 

Arctotideae — ditto. 

Anthemideae — ditto, and sub-palmate in anomalous cases. 

Inuleae — Tubular, bilabiate with the posterior lip developed 
sometimes, and filiform in the Tarchonanthinse, 
Pliicheinae, Pilagininae, Gnaphaliinae and Angianthinae. 
Cynareae — Tubular, bilabiate with the posterior lip developed 
sometimes, and sub-palmate in a number of genera. 
Mutisieae — Tubular, bilabiate with the posterior lip developed 
frequently, and sub-palmate in a number of genera. 
Vernonieae — Tubular, palmate in Stokesia and sub-palmate in 
Elephantopus, 

Astereae — Tubular, bilabiate with the posterior lip developed 
sometimes, filiform in the Conyzinae, Baccharidinse 
and a few other genera, and sub-palmate in several 
others. 

Eupatorieae — T ubular. 

Heliantheae — Tubular, bilabiate with ' the posterior lip developed 
sometimes, and sub-palmate in Chromolepis. - 
Helenieae — Tubular, bilabilate with the posterior lip developed 
sometimes, especially in the Heleniinae, and sub- 
palmate in several genera. 

Reduction in the Corolla. 

The idea that the filiform corolla is derived from the bilabiate 
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type receives confirmation in the tendency to complete abortion of 
the corolla in the female fiorets of several of the genera showing 
the filiform type, namely Erigeron, Conyza, Haastia (Pig. 9, 16-18)^ 
Psiadia, Baccharis (Astereae), and Gnnphalium (Inuleae). This 
tendency is also shown by Heterothalamus in the Astereae, Clibadium 
and Iva in the Heliantheae, Doronicum and Petasites in the 
Senecioneae, and Leria in the Mutisieae. Apart from their bearing 
on the origin of the filiform corolla, these cases serve to emphasise 
the tendency to reduction of the corolla material which is general 
in the family. 

This tendency towards reduction is one of the critical tendencies 
which Wernham (90) regards as “ no less important than critical 
characters.” In considering the Campanulatae, however, Wernham 
noted the tendency to aggregation of the florets and apparently 
concluded that reduction followed in the relation of effect to the 
cause (aggregation). It has been pointed out by the writer (77, p. 30) 
that while the tendency to aggregation may be the primary cause 
of reduction, the reduction would act as, at least, a partial cause 
in subsequent aggregation, and that there has probably been a 
continuous aggregation and reduction mutually interacting until the 
limit of efficiency has been reached. 

Examples of the imperfect development of these two tendencies 
occur in the Lobelioideae, Dipsacese, Valerianacese and Umbelliferse. 
The development along these lines has proceeded under the 
pressure of orthogenesis beyond the limit of full efficiency in quite 
a number of Composites, such as the dense aggregations of capitula, 
which are frequently few flowered, in the Gundeliinae, Angianthinae, 
Relhaniinae, Echinopsidinae, Lychnophorinae. Lagasceinae and 
Milleriinae. It should be noted that these specialised sub-tribes are 
all shown to be end groups by the structure of the pollen-presentation 
mechanism (see Fig. 7, Chap. II). 

C. Development of the Corolla. 

For an account of the development of the complete floret the 
reader is referred to the previous publications discussed in Section 
A. The differences which characterise the mature corollas arise at 
an early stage. The difference in development lies in the behaviour 
of the two posterior petals. In the tubular corolla these two petals 
grow at the same rate as the others and remain in organic 
connection, as in Senecio (Fig. 9, 25, 26, 27), the mature floret 
showing a cross section, as in Fig. 9, 19. In the ligulate corolla 
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these two petals grow at the same rate as the others, but ttie organic 
connection between them ceases at an early stage, as in Taraxacum 
(Pig. 9, 31, 32, 33), the mature floret showing a cross-section as in 
Pig. 9, 21, with the free margins of these two petals closely adpressed. 
In the bilabiate corolla these two petals usually fuse at an early 
stage and then cease to grow, as in Calendula (Pig. 9, 30, 29, 28) the 
mature floret showing a cross-section as in Pig. 9, 20, with the free 
margins of the two lateral petals overlapping. In this type, however, 
the many variations in the degree of fusion and degree of develop- 
ment of these two petals give the various modifications described in 
Section B. 

The primordial meristems are free at first in all cases giving 
five protuberances from the top of the primordium of the flower ; 
these meristems then fuse to give a zone which is complete in the 
tubular corolla, interrupted regularly between the two posterior 
petals in the ligulate corolla, and interrupted regularly or irregularly 
in the bilabiate types. The development of the filiform corolla with 
2-4 teeth at the apex has yet to be elucidated. 

In ontogeny, therefore, as in phylogeny, the five-lobed tubular 
corolla is the primitive type, and from it arises two forms more 
distinct in their development than in their form when mature. 

Causal Morphology — Experiments have been carried out along 
the lines of causal morphology as suggested by Lang (47) and 
although more or less unsuccessful may be of interest. 

Apart from an internal modification of the constitution of the 
organism there are two factors which may influence the production 
of ray florets, pressure due to crowding of the florets in the bud and 
variation in food supply. 

Taking pressure first, this factor is not a very probable one as 
in the development of the capitulum the rays are differentiated from 
the disc before the primordia have increased sufficiently to exert a 
pressure upon one another (see also Church, Pt. II, p. 114). They 
always mature late ; the primordia of the petals in the ray are 
undeveloped when the first row of disc florets have the corolla, 
stamens and gynoecium differentiated. 

Experiments on the influence of pressure were made by tying 
twine around capitula or placing elastic bands around them so that 
as they expanded in the later stages of development they were 
subject to a pressure from within outwards in the case of the twine 
and partly from without towards the centre of the capitulum where 
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rubber bands were used. Strong spring clips also were used to 
obtain pressure on two sides of the capitulum. 

The material used was Cotula coronopifolia (a discoid species) 
Ursinia speciosa^ U, pulchra, Chrysantlieniuin Leucautheimwi (rayed 
species), and Dwiorpho theca pluvialis ; this last species had given 
numerous capitula with bilabiate corollas in the first and second 
rows of disc florets. 

In no case did the treatment make any difference in the 
development of ray florets but in a few cases of C. Leucanthemum 
tied with twine the central florets of the disc were obviously 
crushed and failed to mature. The pressure in such a case arises 
from the expansion of the florets as it would in the case of the 
disc florets pressing the rays against the more or less rigid 
involucre. 

The influence of the food supply was also investigated in C. 
Leucanthemum and Dimorphotheca pluvialis. This was done by 
cutting a notch halfway through the stalk of the inflorescence 
protecting tiie wound with vaseline and supporting the capitula. 
The results were again rather indefinite, but in the latter species 
the capitula so treated were rather poorly developed as a whole 
without much difference in the rays. In one case, however, there 
were five buds in different stages above the wound and, while the 
other peduncles of the same plant gave numerous cases with 
bilabiate disc florets, none of the capitula with deficient food 
material showed this modification, which involves a greater 
expenditure of material. 

These results suggest that the factor for radiateness is 
probably a Mendelian one (see also Trow, 84) acting directly on the 
production of rays and not indirectly on the food supply or the 
amount of pressure developed by the disc florets. An abundance 
of food supply is suggested, however, as a contributary cause in 
the production of bilabiate disc florets and this explains, in part 
at least, the frequent production of “ double flowers by cultivated 
Composites.^ 

D. Variation in Colour of thb Corolla. 

The phylogenetic value of colour as a character depends upon 
two chief points, our knowledge of the relation of colours and 
insects and our knov/ledge of the composition of the pigments. In 

^De Vries (87, p. 507) records warm weather as a factor in the production 
of ‘ doubling ” in the cornflower, 
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relation to insects all authorities are agreed that blue is the highest 
colour. The order of efficiency in attracting desirable insect-visitors 
may be taken as more or less established and beginning with green 
goes upwards through yellow to orange, white, pink, red, purple, 
violet and blue. Green, yellow, orange and white may be taken as 
the primitive group, and red, purple, violet and blue as advanced. 
The evidence as to the relative position of purple and blue was 
previously somewhat contradictory but the purely chemical evidence 
(95) serves to show that different colours, reds, blues and purples 
can be obtained by varying amounts of the same pigment, so that 
the Mendelian evidence of the duplex nature of purple is counter- 
balanced by the more recent additions to our knowledge of the 
second point. 

Keeping the colour sequence in mind we can now analyse the 
colour of the corolla in the various groups : — 

Senecionece — The predominant colour in this tribe is yellow, but 
orange, white, violet and purple occur in various groups of Senecio, 
which groups have been separated by several authors on this account. 
In the Senecioninae blue occurs in Cineraria; orange and purple 
in two or three other genera; white is rare. In the Othonninae 
blue, pink and white occur rarely, while in the Tussilagininae white 
and purple become relatively commoner and in the Liabinae white is 
the only colour except the predominant yellow. The Senecionea3 
are, therefore, primitive in the colour, showing a marked predomin- 
ance of the basal yellow and a range of colour in outlying genera and 
outlying species of the basal genus, Senecio, The higher colours are 
usually confined to the rays, the disc in these cases being almost 
invariably yellow. 

Cichorieee — Yellow is again predominant, white rare, orange, 
pink and red commoner. Tiiere is a sudden development of purple 
and pure blue occurs in several genera. 

Calendulea — Yellow is again predominant in both ray and disc 
florets but more so in the latter. Three of the chief genera show 
orange in ray and disc sometimes and two of them, Tripteris and 
Dirnorphothcca, show white and purple occasionally, the purple 
spreading to the disc in both genera. 

Arctotidece — Yellow is again predominant. In the Arctotideae 
the basal genus, Ursinia, shows yellow in both disc and ray as a 
rule with purple rays occasionally. This purple spreads to the 
disc in Arctotheca and Arctotis ; the latter shows a wide range in 
the rays with yellow, orange or purple in the disc. Orange occurs 
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iii the disc of Gazania and purple in the rays of that genus and 
Gorteria. In the Gundeliinae there is no yellow, only purple or 
violet, 80 that in the colour of the corolla we find confirmation of 
the evolution of these sub-tribes as given in Pig. 7, Chap. II. 

Anthemidea — Yellow is the predominant disc colour but white is 
common as a ray colour, and pink, red, purple and violet occur also. 
Yellow is more predominant in the Chrysanthemidinae than in the 
Anthemidinse, so that here we get the first indication of the relative 
position of these two sub-tribes. 

Inulece — Yellow is the predominant colour for both disc and 
ray, higher colours, where they occur, frequently invade the disc. 
The relative positions of the Helichryseae and Eu-gnaphalieae are 
confirmed by the occurrence of white and purple in several genera 
of the latter, while purple is absent and white rare in the former, 
blue occurs in Printzia^ one of the Inulinae. Yellow, orange and 
white are the only colours in the Buphthalminae, the only point in 
which the colour of the corolla does not confirm the arrangement 
of these sub-tribes in Pig. 7, but see below. Yellow is dominant 
in the other sub-tribes but higher colours up to purple occur 
occasionally. 

Cynarece — Purples and blues are characteristic, a dingy yellow 
occurs in Carlina and Atractylis in the Carlininse, white and blue in 
Echinops ; a distinct yellow occurs rarely in Carduus in the 
Carduinae, These are the higlier sub-tribes and in the Centaureinae 
yellow occurs in Cefitmirea^ Carbenia and Carthamnus^ orange in 
the latter and in Zoegea, Yellow and orange are, therefore, 
comparatively well-developed in the sub-tribes placed ^at the base 
of the Cynareae in Pig. 7. This fact and the predominance of 
yellow in the Biiphthalminae are mutually explanatory in view of 
the derivation of the Centaureinae from the latter sub-tribe. 

Mutisiece — The basal sub-tribe, Nassauviinae, shows yellow 
commonly in three of the chief genera, Trixis^ Nassauvia and 
Jungia^ where it is associated with the lowest type of stamen in 
the sub-tribe. The other genera range from yellow to blue, the 
latter being rare, white, pink and purple^commoner. The Gcrberinae 
and Gochnatiinae show a similar condition with blue absent, while 
yellow occurs only in Mutisia in the Onoseridinae. The last sub- 
tribe might, therefore, be regarded as a side group with, perhaps 
the exception of Mutisia^ where the yellow is associated with type 
IV styles and type 11 stamens. Mutisia v/ould thus lead on to the 
Gerberinae, giving the other genera of the Onoseridinae as a special 
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development. Yellow is absent from the Barnadesiinje, but the 
presence of orange in Schlechtendahlia confirms the primitive 
position as in Pig, 7, Chap. II. 

Vernoniece — Purple is predominant, with white, pink and red 
occasional, and yellow absent except for a greenish yellow in some 
species of Corymbium in the Vernoniinge. 

Asterece — Yellow is again predominant in both ray and disc, 
especially in the latter. The chief point to be noted is the complete 
predominance of yellow in the Homochrominae as contrasting with 
the development of a wide range of colours up to blue in the rays 
of the Heterochrominae. These higher colours sometimes invade 
the disc, so that the relative position, as in Fig. 7, of these two 
sub-tribes requires to be reversed. A study of Tables VI and VII, 
Chap. II, shows that this can be done without inconsistency as the 
structure of the pollen-presentation mechanism in these two 
groups is very similar. The higher development of irritability 
(Chap. Ill, Sect. E) in the Heterochrominae is also explained by 
this change. As yellow is predominant in the Conyzinae and 
Baccharidinae these would retain their positions as coming from 
the lower of the two main groups, while the Grangeinae w’ith 
purple and violet sometimes in the disc and yellow not predom- 
inant would retain its position as coming from the higher plexus. The 
Bellidinae with yellow as a constant disc colour and wliite, or rarely 
blue or purple, in the ray would remain near the base of the tribe, 
as a side group with its present development between the main 
groups. 

EupatoriecB — Purple is predominant with white common. 
Yellow occurs only rarely in Mikania, which with Eupatoriunif 
forms the basal group in the Ageratinae. Pink and blue also 
occur in a few genera. 

Helianthece — Yellow is predominant in both ray and disc 
especially in the latter. All the higher colours except blue appear 
occasionally, white being comparatively common in the ray, but the 
variation is so extensive that the position of the sub-tribes cannot 
be distinguished. 

Heleniece — Yellow is again predominant but orange is frequent. 
White and purple occur but rarely in the Tagetinae, less rarely in 
the Heleniinae and Baeriinse. Yellow is the only colour in the 
Plaveriinae and Jaumeinae, so that the position of the former is 
confirmed and that of the latter above the Baeriinse is rendered 



90 


The Corolla, 


less probable. A study of Tables VI and VII shows that a lower 
position is possible and more data are required. 

E. Anatomy of thf Corolla. 

For an account of the complete anatomy of the various types 
of florets the reader is referred to a previous publication (76) and 
the literature cited there. As the literature has already been dis- 
cussed (Section A) it is necessary to give only a brief summary of 
the facts in their bearing on the general problem. 

Tubular Corolla. There are five conducting strands which 
do not occupy the position of the midribs of the constituent petals 
but are situated along the fused margins (Pig. 9, 1). At or near 
the base of tlie corolla these strands, which originate in the upper 
distributive centre (see 76, p. 518), divide tangentially to give the 
staminal bundles. These pairs of bundles occupy the narrower 
part of the corolla, and the staminal bundles pass out into the 
filaments where these become free, usually at the base of the 
campanulate part of the corolla (cp. Fig. 9, 19). 

The corolla strands continue upwards and divide radially at 
the bases of the corolla lobes. These half-bundles then arch over 
and fuse with adjacent halves, giving five arches along the 
margins of the five lobes. There is little or no variation in this 
type of corolla anatomy. 

Ligulate Corolla. At the base of the corolla five strands arise 
from the upper distributive centre as in the above, but the behaviour 
of the posterior bundle is different. Near the base it divides, first 
tangentially to give the staminal bundle, and then immediately or a 
little higher up it divides radially to give two bundles which run 
along the margins of the ligule (cp. Fig. 9, 21 and 3). The other 
four bundles, some distance from the point at which they give the 
staminal strands, divide radially at the bases of the corolla lobes, 
bend over and fuse to give arches as before. The marginal bundles 
behave as the half buiidles which they really are, and fuse with 
adjacent halves. The only real difference, therefore, between this 
and the tubular type of anatomy is that the radial division of 
the posterior bundle takes place earlier in the ligulate corolla. 
There is no recorded variation in this type of anatomy. 

Bilabiate Corolla. The vascular supply of the bilabiate corolla 
varies with the width of the anterior lip as a rule, and the variations 
seem to be the result of a response to the physiological needs of 



Phylogenetic Significance of the Corolla, 9I 

the corolla. Thus in the ray florets of Tussilago Farfara there 
are four bundles at the base of the corolla, the posterior one is short, 
while the two lateral strands end blindly in the tissue of the margin 
of the very narrow anterior lip. The one anterior bundle seems to 
be sufficient to supply the needs of the very narrow corolla. In 
the ray florets of Calendula vulgaris there are again four bundles, 
two small lateral strands occupying the margins of the anterior lip, 
and two larger strands occupying the fused margins of the anterior 
and two lateral petals (Fig. 9, 2). These form arches at the top of 
the corolla as in the previous types. The Calendula type may be 
taken as the usual one for a ray floret, but there are many varia- 
tions. The anterior lip may be foiir-lobed with five bundles (two 
marginal), or it may be broad and three-lobed with a vascular 
supply for four lobes, or it may be narrow and two-lobed or entire 
with a vascular supply for three lobes, i,e,, four bundles with two 
marginal. 

Where the anterior lip is broad the strands tend to increase in 
number, the accessory strands frequently developing in the positions 
of the midribs of the three petals, giving a total of seven. The 
number in the wider part of the lip is frequently increased to 
twelve and more by branching of the four primary strands or of the 
three midribs. Usually these accessory strands end blindly in the 
tissue of the corolla, only the primary strands fusing to form the 
marginal arches at the tip, but fusions of various kinds may take 
place. 

According to a figure by Hildebrand (36, Plate V, Figs. 22-23) 
the vascular supply of the irregularly bilabiate corolla in Centaurea 
montana is similar to that of the tubular corolla with the radial 
divisions occurring at irregular heights. 

The known facts are, therefore, that the anatomy of the tubular 
andligulate corollas is constant, and that of the bilabiate corolla is 
as variable as the external form of that type. 

F. Phylogenetic Significance of the Corolla. 

When all the foregoing facts concerning the corolla are con- 
sidered they are found to confirm the previous phyletic suggestions 
in all except a few points. 

The primitive nature of the tubular floret, which is shown 
clearly by Uexkull Gyllenband (Fig. 4, Chap. II) is confirmed by 
the study of the development and vascular anatomy of the corolla 
and the various lines of evolution shown in Fig. 4 follow com- 
paratively closely the scheme in Fig. 7. 
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The distinction between the ray florets of several tribes and 
the bilabiate florets of the Mutisieae is removed, making it more 
probable than ever that the latter tribe is a mere collection of 
bilabiate forms and not a natural tribe. 

The occurrence of many discoid forms and the predominance 
of yellow in the Senecionese confirms that group as the basal 
plexus. The similarity in colour and the small change in the form 
and anatomy of the corolla in the Cichoriese confirm the position 
of that tribe. The similarity in form and colour of the corolla in 
the Calenduleae confirms the position of this tribe. The greater 
predominance of yellow in the Chrysanthemidinae suggests that this 
is the more primitive sub-tribe in the Anthemidese. 

The colour and form of the corolla in the Vernonieae and 
Arctotideae confirm the positions of the sub-tribes in these two 
groups, and the yellow of Ursiuia adds evidence for tlie suggestion 
that that genus is the primitive one in the Arctotideae. The frequent 
disappearance of the ray florets in many tribes makes the origin of 
the Vernonieae from a rayed group like the Liabinae very probable, 
and the occurrence of several discoid genei’a in the Liabinae confirms 
that sub-tribe as the source of the Vernonieae. Indeed, Gongro- 
thamniis, one of the Liabinae according to Bentham, is placed in the 
genus Vernonia by Hoffmann. 

The occurrence of filiform florets in the lower sub-tribes of 
the Inuleae and in a few genera of the Astereae is accounted for 
by the plasticity of organisation proved for the outer florets of 
the capitulum. The occurrence of the same type in Homogyne 
(Tussilagininae) shows that the tendency towards the reduc- 
tion of the bilabiate corolla to the filiform type is already 
present in the Senecioneae, finding expression in two separate lines 
of evolution. The rayed condition in the higher Inuleae may be 
regarded as a reversion to the general type, but it is possible that 
this tribe is not monophyletic but diphyletic, in which case the 
Cynareae may have arisen either from the Buphthalminae as pre- 
viously suggested, or from the Plucheinae through forms such as 
Cavea (74a). Other data are required to elucidate this point. 

The derivation of the Cynareae from the Buphthalminse is 
partially confirmed by the colour, yellow in a few Centaureinae and 
in the parent sub-tribe. The relative positions of the sub-tribes of 
the Cynareae are also confirmed by the distribution of colour in the 
tribe. 
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The derivation of the Nassauviinse from the Senecioninae is 
confirmed by the bilabiate corolla which occurs in Brachyglottis 
(cp. Fig. 10, C-D), and by the predominance of yellow in the chief 
genera of the former sub-tribe. The spreading of the bilabiate condi- 
tion to the disc is quite homologous with the “ doubling which 
is of such frequent occurrence throughout the family, probably 
under the influence of an abundant food supply. The transition 
from the more or less homogeneous capitulum of the Nassauviinae 
to the forms with only several outer rows of bilabiate florets is seen 
in the genus Mutisia^ which also shows a transition to the higher 
colours. The other genera of the Onoseridinae appear both from 
the form and the colour to be a special development, Mutisia itself 
giving rise to the Gerberinae. With this change both form and 
colour confirm the evolution of the sub-tribes as given in Pig. 7. 

In the Astereae it is clear from the colour relations of the sub- 
tribes that the relative positions of the Homochrominae and 
Heterochrominae must be reversed, as suggested in Chap. Ill, 
Sect. E, the other sub-tribes remaining as they are in Pig. 7. As 
the degree of development of the pollen-presentation mechanism in 
the two sub-tribes is very similar this can be done quite conveniently 
without disturbing the relationships of the other sub-tribes. We 
then get the yellow Homochrominae giving the Heterochrominae 
with the higher colours appearing first in the rays and then 
spreading to the disc. The filiform corolla appears more or less 
sporadically and can be interpreted as the expression of a tendency 
to reduction which reaches its highest development in these same 
genera. 

The spreading of the higher colours to the disc is a step 
towards the development of the discoid, highly coloured capitula of 
the Eupatorieae, which show higher colours as a rule, yellow 
appearing seldom, and then only in the basal group of the tribe. 
The disappearance of the ray florets is a normal phenomenon 
throughout the family. 

There is a great similarity in both form and colour in the 
Heliantheae and Senecioneae, but the higher colours are more 
frequent in the former tribe, thus confirming its position above the 
Senecionineae. The relative positions of the sub-tribes in the 
Heliantheae are neither confirmed nor refuted on account of the 
great variation shown in both form and colour. 

The derivation of the Helenieae from the Heliantheae is con- 
firmed by the similarity in form and colour, but the complete 
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predominance of yellow in the Jaumeinse renders the position of 
that sub-tribe above the Baeriinae less certain. It could be regarded 
as coming direct from tlie Tagetinae. 

Wtth a few modifications, therefore, the study of the form, 
development, colour and vascular anatomy of the corolla confirms 
the phyletic lines previously suggested. 
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Chapter V. 

THE PAPPUS. 

T he matter in the previous chapters has not been controversial 
to any marked extent. Any controversies which there have 
been, such as those on the venation of the corolla and on the 
function of the hairs on the styles, are now dead, but the question 
of the phyllome or trichome nature of the pappus is still in dispute. 
The evidence which has been previously adduced is, therefore, given 
in some detail in Section A, and additional facts, which help to 
present the matter in a new light, are brought forward in Section 
B. The whole of the fruit might have been considered in this 
chapter but as the structure of the fruit, apart from the achenial 
hairs and the pappus, seems to have little or no phyletic* value, 
(cp. Lavialle, Chap. I, Sect. B), it is omitted from the present 
discussion. As the question of the use of the pappus in fruit 
dispersal seems closely allied to the subject of geographical distri- 
bution it, also, is omitted and will be considered in a later chapter. 

A. History. 

Morison (52) was one of the first to use the presence or absence 
of the pappus as a character for the sub-division of the family ; Ray 
(57) and others followed. Vaillantus (67) distinguished three types, 
pilose, plumose andcoroniform. The aculeate or aristate type was 
added by Boerhaave (7) and the squamose or paleaceous type by 
Pontedera (55), who also distinguished the “corticose” fruit of 
Calendula and the “ osseous ” fruit of Osteosperrnum, Forty years 
later Berkhey (6) gave some figures of the various types and enu- 
merated the coroniform, pilose, plumose, sessile and stipitate types. 
Gaertner (20) in his special study of fruits made some advance, 
distinguishing foliose, capillary, setose, plumose, spiny, penicillate 
and aristate forms. 

The details of the various types of pappus, like most other 
floral details in the Compositse, were most fully developed by Cassini 
(11, 4th Mem.). Thereafter these data were applied in all taxono- 
mic systems. 

* The biological or economic value may, of course, be considerable, e.g. the 
mucilaginous pericarp in many species (14), and the use of sunflower fruits as 
a source of edible fats. 
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The Cichoriese being such a uniform group, the pappus here 
has received special attention. Cassini (11, Tome I, p. 380) used 
the pappus with other characters of the fruit, and Don (15) also 
used the pappus with other characters in his classification of the 
Cichoriese. De Candolle and Bentham followed Cassini ; Hoffman 
(34) suggested a very simple but very artificial classification on the 
coroniform, plumose or pilose pappus but this was rejected as already 
mentioned (Chap. I, Sect. A) by Bngler and Gilg (18). 

Taxonomic Value of the Pappus. 

The above is one example of the use of the pappus in taxonomy. 
As usual the use of only one character gives a very convenient but 
unnatural grouping. Another example is the importance attributed 
to this part of the fruit by Hutchinson (37 and 39) and his use of 
the presence or absence of the pappus in the separation of Brachy- 
meris and Marasmodes (37). This author considers the pappus 
“ one of the most important features in the consideration of the 
phylogeny and affinities of the genera of this interesting family.” 
In accordance with this view he takes the absence of the pappus 
with the absence of glandular pits from the leaves as forming a 
difference of generic value (loc, cit.). 

In contradistinction to the views of Hoffman and Hutchinson 
we have Bentham (5, p. 354) on the pappus as follows : “ it is on 
the ripe achene that it has attained its fullest development in those 
innumerable variations which strike the eye of the most superficial 
observer, and which have been eagerly seized upon to characterize 
a large proportion of the thousand and one petty genera with 
which syantherology has been encumbered. Constant or nearly so 
in each species, with very few exceptions, the pappus will often, in 
a most natural genus, so vary from species to species as to make it 
a most difficult task to decide whether it should be neglected 
altogether, or, if taken into account,what modifications may be taken 
as generic, sub-tribual, or tribual. The presence or absence of a 
pappus or its degree of development is always of much less import- 
ance than its nature when present.” As a result of the analysis of 
the pappus forms given below the writer is of a similar opinion. 

The new genera, Triplotaxis, Hutchinson (36) and Cavea, 
Smith and Small (62) are examples of the value of the structure of 
the pappus when present, but the case of Bidens and Coreopsis 
makes an interesting commentary. Bidens is characterized by 
downwardly projecting barbs on the aristse of the pappus ; Coreopsis 
is distinguished from Bidens merely by the upwardly projecting 
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barbs, but Coreopsis aristosa, Mich, is described (23) as having no 
pappus at all or aristae with downwardly or upwardly directed 
bristles. These forms abound in the same locality and the probability 
of hybridisation is negatived by the absence of Bidens from the 
districts where these forms occur. 

Dispersal Mechanisms. 

Hildebrand (30) considers the pappus at some lehgth in its 
relation to dispersal by wind and by animals. In his general 
memoir (32) also he gives figures and details of a number of hooked 
and pappose fruits in the Compositae having previously developed 
the subject of dispersal hy hooks in a special contribution (31). 
Hooked fruits in the Compositae are also considered by Huth (41). 
Yapp (71) and others have described various Composite fruits in 
which the pappus is glandular and sticky. 

The presence of a pulvinus at the base of the pappus either in 
the form of a ring or isolated at the base of each seta has been 
noted by Schenk (59), Taliew (65), Haberlandt (22), Hirsch (33), 
Steinbrinck (64) and Yapp (71). 

Taliew distinguishes three types of mechanism for the spreading 
of the pappus in dry conditions, I — the Lactnca type with an annular 
pulvinus, II — the TussUngo type with no pulvinus but unequal 
thickening of the pappus hairs, III — the Cirsium type with a 
pulvinus to each seta. The first type was recorded by Schenk and 
Taliew in all the Cichorieae and most of the Tubuliflorae examined. 
The second type in which each seta curves on drying occurs 
chiefly in the Tussilagininae. The third type is characteristic of the 
Cynare^, and experiments by the writer show that in the case of 
Centaurea imperialis the mechanism is very sensitive to the degree 
of the humidity of the atmosphere. With a Relative Humidity of 
*78 the pappus remains closed, or, if opened by drying in a warm 
test-tube, closes rapidly when brought into the air. With the 
R. H. *77 it remains open for some time after previous drying and 
with the R. H. *75 it opens spontaneously and remains spread at an 
angle of 45^ for an indefinite period. 

There are various other contributions to this part of the subject 
but they are concerned more directly with fruit dispersal and will 
be dealt with in a later chapter. 

Pericarp Structures. 

Capus (lb), Hanausek (24-25), Portheim (56), Lavialle (45) and 
Loose (46) have recorded the detailed structure of the pericarp in 
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many genera. The pliylogenetic results obtained by Luvialle have 
been mentioned already (Chap. I, Sect. A, and Fig. 3). In addition 
he gives a very complete summary of our knowledge of the fruit 
in the Compositse, dealing with the ovule, epithelium of the 
embryo sac, the haustorial function of the antipodal cells and 
Dther matters, which may have a certain phyletic value but 
which are outside the scope of the present chapter. 

Joxe (42) gives details of the various types of germination in 
the Compositse, some of which are quite aberrant. Hanstein (27), 
Haberlandt (22) and Yapp (71) mention the capitate hairs which 
are so characteristic of certain genera, notably Helianthus, 
Calendula and Inula. 

Achenial Hairs . — The most interesting part of the pericarp 
from the present point of view is, however, the hairs which occur 
on very many of the fruits. These were studied in detail by 
Macloskie (49), and, as they appear to be of considerable phyletic 
value, they will now be considered in some detail. The curious 
duplex hairs of the cypsela of Senecio vulgaris have long been 
objects of interest. They are situated in the furrows between the 
ridges of the pericarp, and are composed of two cells placed side 
by side, each containing a spiral fibre, which on being moistened 
swells and shoots out at the top of the cell, showing movements like 
those of the elaters of the liverworts. This double tube is mounted 
on a pedestal of two clear cells (Fig. 11). 

Archer (1) and Kraus (44) mention these duplex hairs as 
common in the Compositse. Macloskie examined genera from 
most of the tribes, and says “ the consideration of the facts stated 
above suggests a somewhat different line of affinities from that 
usually adopted.” He did not, however, make any definite phyletic 
suggestion. Harz (28), Heineck (29), Nichols (53) and Lavialle (45) 
extended the observations, but again drew no definite phyletic con* 
elusions, so that we are free to make what use we can of the facts. 

The duplex hairs with elaters are characteristic of the 
Senecioneae, similar duplex hairs with acute tips and no elaters, 
occur in the Astereae, Hupatorieae, Vernonieae, Heliantheae, 
Helenieae and Arctotideae. The Anthemideae have no such hairs 
but cells with spiral filaments occur on the outside of the pericarp 
in certain cases (Figs. 12-13). 

The Calenduleae are probably similar to the Senecioneae 
according to Macloskie, with the addition of the above-mentioned 
capitate hairs. The cypsela of the Cichorieae is glabrous but 
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shows denticulate epidermal cells, and below these in many cases 
cells with spiral filaments (Pig. 14). 



Fio. II. Duplex hair of Senecio vulgaris; Fig. 12, Elater cells of CArys- 
anthemum Leucanihemum ; Fig. 13. Ditto of Cotula ; Fig. 14. Endocarpal 

filaments and denticulate epidermal cells of Lactuca scariola ; Fig. 15. Endo- 
carpal fibril of Cirsium lanceolatum ; Fig. 16. Elater cell of Trixis. Figs. 12-15. 
after Macloskie, Fig. 16 after Lavialle. 

The Cynareae vary ; some have duplex hairs as in the Astereae, 
others have simple hairs, and others again show endocarpal fila- 
ments as in the Cichorieae (Pig. 15). Centaurea shows simple 
hairs. The Inuleae have duplex hairs similar to those of the 
Astereae but with obtuse tips. In view of the suggestion that 
Caved (Plucheinae) is an intermediate type between the Inuleae and 
Cynareae (see Chap. IV) it is interesting to note that the typical 
Asteroid hairs occur in Pluchea foetida (Plucheinae) as well as in 
the Cynareae. 

One of the most interesting points is the variation in the 
genus Trixis of the Nassauviinae. According to Lavialle (op. cit.) 
Trixis Lessingii^ T. verbasciformis and T, mollissima have one or 
two-celled simple hairs, but T, pallida^ T. Hieronynii^ T. ochroleuca 
and r. brasiliensis have simple hairs with spiral elaters (Pig. 16). 
If this is read in connection with the suggestion of Trixis as the 
primitive genus in the Nassauviinae (see below, Sect. C.) the 
phyletic value of these hairs becomes obvious. 
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It' tlie Seuecio type ut duplex hair be taken as primitive, it is 
clear that it has passed through several forms of reduction along 
the various lines of evolution suggested in Pig. 7, Chap. 11, the 
elaters disappearing more or less in the Inuloid, Helianthoid and 
Asteroid lines, the hairs becoming reduced to single elater cells in 
the Mutisieae or to short external cells in the Anthemidese and, 
perhaps, passing below the epidermis in the Cichoriese. It is 
doubtful, however, whether the endocarpal filaments in the 
Cichoriese and Cynarese are homologous with the elaters. 

Development. — Before Buchenau published the first complete 
account of the development of the floret in 1854 (8a), Duchartre 
(16) had recorded some observations on Heliantkus, from which he 
concluded that the two palese on the top of the cypsela were 
epicalyx leaves or bracteoles, fused with the ovary for part of their 
length ; the calyx he considered to be completely fused with the lower 
part of the corolla tube. Duchartre also regarded the pappus in 
Bidens and all paleaceous pappi to be of a similar epicalycine 
nature. 

In subsequent observations apart from the phyllome or tri* 
chome nature of the pappus, the chief point recorded is the origin 
of that structure after the corolla and stamens have been dif- 
ferentiated, see Chap. IV, Sect. A, and the literature there cited. 

An isolated but interesting observation is that by Baart de la 
Faille (2), who, as an example of his thesis that logarithmic 
distribution is more frequent in nature than the normal curve, 
takes the top cells of the pappus in Senecio vulgaris, and shows 
that any increase in length is directly proportional to the length 
already acquired. 

Phyllome v. Trichome.—The. question of whether the pappus 
in the Compositse is a modified calyx-limb or merely hairs or 
emergences on the top of the so-called calyx tube is still a question 
of controversy, the latest contributions dating from 1916. 

The controversy reached its height about 1873, but Richard 
(58) had previously stated that the pappus had been recognised fur 
a long time as analogous to the calyx of other families. He adds as 
a caution “ n^anmuins ce seroit une grande erreur d’assimiler en 
tous points I’aigrette aux calices ordinaires.” Cassini (11, Tome 1, 
p. 202) describes the pappus as “ un calice epigyne, d' une nature 
particuli^re " and analogises it (op. cit., p. 219) with the palese of 
the receptacle and with the involucral bracts. His argument is 
“ ces paillettes et ces ^cailles sunt incontestablement des bractees. 



104 The Pappus. 

Done I’aigrette est un assemblage de bract^es, lesquelles sont 
dispos^es ^ peu pr&s cedes des calices ordinaires ; done i’aigrette 
est un calice.” This is typical of much of the loose and superficial 
reasoning on the subject. On p. 273 (op. cit.) he evidently takes 
the squamellules of the Cynarese as bracts, cp. below, Sects. B-C. 

Kohne (43) supported the phyllome theory on account of the 
insertion of the setae in several genera at five points, after the 
manner of the pentadelphous stamens in Hypericum. The setae 
were, therefore, regarded as divided calyx leaves, while Cassini and 
others regarded them as single sepals and the calyx as having 
undergone dedoublement. 

Buchenau (8b) is quoted by Masters (51) for the trichome 
theory and by Lund (47) for the phyllome theory. This is because 
he at first supported the former theory and then pai tially with- 
drew in the paper quoted. He definitely states that there is a 
calyx, and then goes on to show that the pappus hairs and scales 
are accessory organs of the semi-aborted calyx and not organs of 
the same importance as the other appendicular organs of the 
flower. He quotes cases where a pappus was observed inserted on 
five or more green leaflets which were provided with vascular 
bundles and developed in inverse proportion to the pappus. 

Lund (47) maintains that the pappus must be of a pbyllome 
nature, each seta being a sepal, because in Cirsium and other 
genera vascular bundles of a more or less rudimentary nature are 
present in the paleaceous setae. According to Lund (op. cit., p. 
259) “ I’aigrette des Compos^es est un veritable calice.” This same 
opinion is expressed by Treub (66) as a result of finding all stages 
in the passage from the normal pappus to five free leaves with 
vascular bundles in the galls which sometimes occur on the capitula 
of Hieracium umbellatum. 

Bentham (5, pp. 354-5) repeatedly mentions the fact that the 
pappus is generally regarded as a reduced or modified caixy-limb, 
but he remained non-committal on account of the many variations 
with which he was familiar. He says their homology is not so 
easy to settle,” and again, “ the occasionally present, reduced, 
innermost row . . . may only be a modification of the 

epigynous disc.” 

Bichler (17) gives a full account of the controversy to his date 
1875, quoting Hofmeister (35) and others as regarding the pappus 
as an isomerous, oligomerous or pleiomerous true calyx, and further 
authorities for the trichome or emergence nature of the organ. 
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Eichler considered both these views wrong and regards thfe" pappus 
as a modified calyx. He quotes the cases with a reduced number 
of paleaceous setae as proving the leaf-nature of the pappus (cp. 
below, Sect. B). 

Coulter (12) and Martin (50) consider the pappus as a calyx, 
the liberation of the upper part being retarded in the development 
of the flower. Worsdell takes a new line of argument (69, p. 954), 
if the pappus is not the homologue of the calyx, where are wc to 
look for the latter in the normal floret ? for it cannot be supposed 
to be entirely absent.*' Baillon (3) had previously stated that in the 
case of Xanthium there is nothing in the flower at any age which 
represents a true calyx. Worsdell (70, p. 77) considers that a 
pappus may also arise from supernumerary petals, as in the 
Leontopodinm alpinum fi nivalc observed by De Candolle (9), and 
also states (70, p. 66) that “normal examples of the multiplication 
of sepals are seen in the pappus of the Compositae." Hutchinson 
(39) follows Worsdell. 

Warming (68) pointed out that the pappus hairs could not be 
sepals because they do not occur in the position of sepals, and 
because they have a function usually attributed to hairs. He 
regarded the pappus hairs as “ epiblastemes ’* which differ essentially 
from the more highly organised “ epiblastemes " and considered 
that the true calyx of the Compositae is the slightly developed 
annular ridge at the top of the cypsela from which the pappus hairs 
arise. The rudimentary vascular bundles on which Lund laid 
so much stress are considered by Warming to be of little importance. 

A similar view was held by Hanlein (26) and Masters (51). 
The latter answers the teratological arguments of Treub and 
Worsdell, when he points out that “ the occasional development of 
an organ which is usually suppressed does not prove that the parts 
that are generally present, like the pappus, are necessarily modified 
representatives of abortive organs.” Taliew (65) states as an 
accepted fact that the setae have the character of emergences in all 
the types examined by him. McNab (48) in reviewing Lund's work 
considers that, although in some cases the pappus scales may be 
sepals, “ in the majority the scales or bristles or hairs of the pappus 
are undoubted trichome structures.” 

Such is the controversy in which the two chief British 
teratologists disagree in the most decided way, in which more or 
less detailed observations of a limited number of species are used to 
support the phyllome theory, while the general and well-known facts 
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of Structure and position are used to support the trichoine theory 
The view adopted in most text-books is that of Richard and Eichler 
that the pappus is a modified calyx limb, but it seems to the writer 
that Goebel’s argument (21, p, 317) concerning the nature of the 
receptacular setae is quite applicable in this case also. It runs as 
follows — “ Where now instead of single parts of a hypsophyll we 
see ‘ bristle-scales,’ a qualitative change has taken place which may 
have begun with a transformation of the single parts of the 
hypsophyll, but I see no ground even then, if the hypsophyll no 
longer exists, for keeping, its ghost hovering above, or rather below, 
these bristle-scales ; to assume that it still exists is an ‘ idea,’ and 
this ‘ idea ’ is stuck somewhere in the axis and allows only the bristle- 
scales to appear. Such ‘ ideas,’ however, are to be found even in 
recent botanical literature.” 

This may be applied with more appropriateness on account of 
the evidence given below for the primitiveness of the setose pappus 
within the family and the compound setose character of even the 
reduced number of paleaceous structures so frequently quoted as 
being very similar to a true calyx. 

B. Stuucturb of thb Pappus. 

When we examine the actual structure of the various types of 
pappus most of the difficulties connected with the trichome and 
phyllome theories disappear. We must, however, be content to 
regard the pappus as a structure more or less sui generis as advised 
by Richard. 

As with the styles and stamens we can reduce the in- 
numerable variations to a limited number of mean types which 
pass gradually into one another. These mean types will now be 
described briefly. The fundamental type is the scabrid seta, com- 
posed of uniseriate rows of cells fused together, with the obtuse 
terminal cell of each row free and projecting outwards as a lateral 
cilium for a distance which is less than the diameter of the seta. 
This is described as setose scabrid or setose denticulate (Pig. 17, A). 
That the structure is a fusion of uniseriate hairs such as are 
common on the cypsela is obvious and really requires no comment. 

There are various modifications of this basal type ; if the 
ends of the constituent hairs do not project the seta is simple, as in 
TussilagOf and the upper part may be unicellular in cross-section as 
previously mentioned (61). This is described as simple setose^ (Pig. 
17, B). The projecting lateral cilia may be acute and arranged in a 
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serrate fashion, then the pappus is described as setose serrulate, 
(Pig. 17, C). If the lateral cilia are as long as or slightly longer 
than the diameter of the seta, the pappus is described as setose 
barbellate, {Pig. 17, D). This form leads on by the elongation of the 
lateral cilia to the setose plumose type, (Fig. 17, E), where the 
projections are considerably longer than the diameter of the seta. 

Setse of these various types occur in large numbers, in one or 
two or more rings on the top of the cypsela, and there is no 
commoner modification than the fusion of the setae at the base, to 
form a more or less continuous membranous collar of tissue. This 
modification is quite in harmony with the tendency to reduction 
and cohesion present in other floral members. It is didy noted by 
Hoffman (34) in his non-committal description of the various 
modifications of the pappus. It is included in many descriptions 
of species, such as Vernonia Kerrii (13), and is frequently a character 
of generic rank. It occurs in the sub-genus of Senecio, Seiiecillis 
(19). It was noted in Tussilago by the writer(61) and occurs in a 
very large number of genera. 

This being the case it is not surprising to find that sometimes 
the collar is discontinuous and broken up to give a number of scales, 
palese or squamellse. The setae frequently vary in length, so that 
fusion gives a form described as ^a/!mceo-5e#o5e (Pig. 17, F). The 
paleaceous part may be comparatively short or relatively long on 
the same fruit. The addition of one or more setae to the central 
rib or the further tliickening of the single central seta gives a 
similar type, which is usually ciliate at the edges, as in Gaillardia, 
and is known as aristato-paleaceous, (Fig. 17, G). By a slight 
elongation and a crowding together of the lateral cilia, as in 
Centaurea cnlocephala (22, Fig. 220. p. 545), we get a serrulnto- 
paleaceous form (Fig. 17, H). If the constituent setae are of equal 
length and fuse completely a simple paleaceous type (Fig. 17, I) 
results. 

It may be rather surprising that this simple fact of the 
trichome nature of the palese has not been more widely recognised. 
Anyone can mount the simple paleae of Berkheya or Tagetes and see 
with oblique illumination -under the low power of a compound 
microscope that the facts are as stated. The free ends of the 
constituent hairs can be seen distinctly and the ribbed surface is 
obviously formed by the fusion of the constituent setae. 

If the ends of the setae are free to a slight degree the result is 
a lacerate margin, giving the fimbriato-paleaceous type, (Fig. 17, L). 
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'I'lie plumose seta by the fusion of tlie lateral cilia in the same way 
as in the serruhto-paleaceons type gives rise to the plumoso-paleaceous 
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Pappus-Forms in the CoMPOsiTyE. 

FiO. 17. Below each figure of the surface view a tranvcrse section is 
given in most cases. The individual setae are outlined by heavy lines ; the 
constituent hairs arc indicated by thin lines, in some cases only in part for 
clearness. —A. setose scabrid ; B. simple setose; C. serrulato-setose ; D, 
barbellato-setose ; E. plumoso-setose ; F. paleaceo-setose ; G. aristato- 
paleaceous; H. serrulato-paleaceous ; I. simple paleaceous ; K. fimbriato- 
paleaceous ; L. sctoso-paleaceous ; M. plumoso-paleaceous; N. hmbriato- 
coroniform ; O. aristate ; l^a-Pb. barbato aristate ; Qa* -coroniform ; Qb* 
auriculatO'Coroniform ; R. aristato coroniform. 
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type, (Pig. 17, M), with a structure very closely resembling that of 
a feather. This occurs notably in Urshiia ; the paleae here make 
very pretty objects under oblique illumination and the structure is 
quite apparent even to the uninitiated. 

As mentioned above, the setfe are frequently more or less 
connate at the base, and by the abortion of the free parts we get 
another common foim, the fimbriato-coroniform type (Fig. 17, N). 

In these paleaceous forms the setae are fused laterally with one 
another, but they may also fuse in a clump, when a thick, more or 
less rigid structure arises, which is known as (instate (Fig. 17, O). 
The free ends of the setae are usually blunt and project to a slight 
extent, but each seta may end in a large, strong, acute bristle. This 
type is described as barbato-aristate , and the bristles may project 
downwards, as in Bideus (Pig. 17, F“ ), or upwards, as in Coreopsis 
(Fig. 17, P*’ ). These aristae are frequently few in number, as one 
would expect when it is remembered that a number of setae go to 
form each one. 

Just as the paleaceous types by extreme reduction give type 
N, these aristate types by fusion and reduction may give a thick, 
cartilaginous ring at the top of the cypsela, which is described as 
conieo-coronifonn (Fig. 17, Q“ ). This ring may grow out on one 
side to form an ear-shaped or auriculato-coroniforin pappus, (Fig. 
17, Q'’ ). The auricle may be simple or lacerate like type K, e.g., 
Pentzia (see 38, Plate X). Finally by a similar reduction we may 
get two horn-like projections (Pig. 17, R). 

Evolution of the Pappus-forms, Most of the evolution of the 
various types of pappus is obvious, but a diagram (Fig. 18) is given 
for convenience. The setose-scabrid type is taken as primitive and 
by fusion at the base with subsequent reduction gives type N. 
This fimbriato-coroniform type, like the simple paleaceous type, I, 
is clearly polyphyletic and may be derived easily from a number of 
types such as B, F, L and K. The evolution of the serrulato- 
paleaceous type, H, is clearly through type C. The various steps 
towards, or the direct evolution of types F, I and M are indicated, 
and the various types arising from the aristate type, O, are 
arranged so that downward lines are lines of reduction and upward 
lines are lines of progressive differentiation. 

The inter-relationships and possible evolutionary connections 
of the various types are somewhat more complex than in Pig. 18, 
but it is considered unnecessary to complicate the matter further 
since alternative methods of evolution of such types as P, G and M. 
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will be obvious to the reader The main point is that the setose 
type is primitive and the paleaceous, coroniform and aristate types 
derived. 



Fio. 18. Evolution of the Pappus-forms in the Compositse. 


The origin of the plumoso-setose type from the barbellato- 
o^vOse type has been previously noted by the writer (62). The 
origin of type N from type K is a very obvious explanation of the 
well developed flmbriato-paleaceous pappus described by B^ketoff 
(4) in an anomalous Cichoriian Intybus. The origin of type N from 
type F explains the frequent mixture of short lacerate squamellae 
with a few awn-like, elongated squamellse, as In HeUanthus scabra 
(54). Similarly the origin of the aristae, by the fusion of setae 
explains the fi equent variation in the number of aristae, even in a 
genus such as Bidens, where they are an important diagnostic 
character, but in which the aristae vary from two to ten (60). 

It is clear from the above details tluit the primitive pappus in 
the Compositae has a trichome structure, whatever its homologies 
may be, and that the foliose calyx limb, when it occurs teratologi- 
cally must be regarded as a reversion to a pre-Composite ancestor. 
It will be shown in a later chapter that there is every reason to 
believe that the Compositse were derived from genera such as 
Siphocampylus in the Lobelioidese, in which the calyx limb is 
frequently very much reduced or even (as in S. eximius) altogether 
absent. 

Where a calyx limb is present in addition to numerous hairs of 
various kinds showing similar modifications to those of the pappus, 
as in Triuiiifetta(9S, and see also 32), there has as yet been no 
suggestion of homoiogising the hairs of the fruit with the calyx limb. 
Masters’ argument that the absence of one set of organs is no proof 



Analysis of the Pafpus-Forms. 1 1 1 

of the nature of another set which is present, seems to the writer 
very appropriate. 

The five-point insertion of the setae and the frequency with 
which five or ten occurs as the number of paleae or aristae is quite 
explicable by the simple physiological fact that the food supply is 
naturally greatest near the five or ten vascular bundles which 
supply the ovary wall in most genera. As these bundles also 
supply the margins of the petals it follows that the paleae and 
aristae, when five, alternate with the petals and thus develop in the 
position of sepals. 

Thus the application of a little microscopy combined with an 
obvious application of elementary physiological facts removes the 
clouds of controversy and lays “the ghost of the hypsophyll” which 
troubled Goebel. 

C. Analysis of the Pappus-Porms. 

Having determined the structure and evolution of the various 
mean types of pappus we can now analyse the distribution of these 
types throughout the family, taking the tribes in the order which is 
suggested by other phyletic data. As the pappus shows great 
variety, sometimes even in the same genus, it will be necessary to 
consider the tribes in some detail. 

Senecionece, In the basal genus, Setiecio, the pappus is usually 
copious and setose scabrid, but it varies to simple setose and is 
sometimes barbellato-setose, or of fewer, thicker, almost aristate 
setae, which may be paleaceous at the base, as in § Senecillis 
(=LigHlaria glauca, Hoffm.), or the scabrid setose type may be 
paleaceous at the base, as in S. Grnhami, Hook. It may also be 
reduced to very short setae or may be altogether absent. 

The closely related genera, Culcitium, Gynurn, Cineraria, 
Emilia and Gynoxys are all setose scabrid or barbellato-setose with 
the setae in one, two or more rows as in Senecio. The genus 
Raillardia, which Hoffman removes to the Heliantheae, and 
Raillardella are plumoso-setose. The other genera are all setose 
scabrid. 

In the Tussilagininae the simple setose type occurs in Tussilago, 
but the other genera are setose scabrid or barbellate. All the 
Othonninae and most of the Liabinae are similar but in some species 
of Linbum an outer row of short, fimbriato-paleaceous scales occurs. 
In the Senecioneae, therefore, all the primitive types, A ,B, D, E, 
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L, K, and O, occur (cp. Fig. 18). Of these primitive types the 
lower forms, A, B, D and O, occur in Senecio. 

Cichoriece. The pappus here may be absent or reduced to the 
flmbriato-coroniform type ; usually, however, there are one, two or 
more rows of scabrid setse. In Tragopogon and its allies the setse 
are usually plumose, frequently very elaborately so, with the 
primary and secondary cilia forming a network. The setae are 
frequently connate at the base and deciduous, either singly or in a 
ring if connate. 

In Cichorium there are two or three rows of short, connate 
paleae, giving type N, but in allied genera the paleae are fewer, longer 
and fimbriato-paleaceous, sometimes prolonged into awns as in 
type G, sometimes, as in Hynienone^na^ there are numerous 
barbellate setae in the external rows and fewer sub-paleaceous setae 
in the inner rows. This duplex or triplex pappus, apparently 
foliose in one row and setose in others, is very difficult to explain 
by the phyllome theory but has a quite simple and obvious 
explanation if the fusion of setae is a ** critical tendency,’^ as advocated 
in Section B. A transition to the corneo-coroniform type occurs 
in Koelpinidf where the aristae are short and connate at the base. 

Caleudnlea. Setae are rare in this tribe ; Dipterocome has five 
to ten setae with the addition of two appendages of type R and a 
few species of Osteosperinuni have one row of scabrid setae. In the 
other genera the pappus is either absent or of types N or Qb. 

Arctotidece, According to the previous data Ursinia is probably 
the basal genus here. The pappus of that genus is composed of 
five paleae of type M. The compound setose character is obvious 
as mentioned above and it will be noted that type E occurs in the 
Senecioninae. In addition, however, a few setiform paleae of type 
P or G are sometimes present as an inner row, so that we have 
the complete series of allied forms in this genus and the sub-tribe 
from which it is suggested to have arisen. In the other genera of 
the Arctotidinae the paleae are usually numerous, types I or K; typeP 
occurs in Haplocarpha, a modified combination of types N and Qa 
in Cryptostemma and numerous paleae of type I in Arctotis, The 
pappus is absent in a few genera. 

The chief genus in the Gorteriinae is Berhheya^ which has a 
pappus essentially similar to that of Arctotis^ but with type G 
appearing occasionally. The only other large genus is Gazania^ 
in which the numerous, narrow setae of type P are sometimes 
difficult to distinguish from the hairs of the cypsela. The 
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tendency to reduction towards type N which appears rarely in the 
Arctotidinse is more developed in this sub-tribe, appearing in three 
genera. 

The Gundeliinae is a small group with the pappus of type F, 
connate at the base, or the reduced form, type N. 

Anthemidece. The pappus here is usually reduced to the 
flmbriato-coroniform type when present, but in a large proportion 
of the genera it is entirely absent. In a few genera, such as 
Athnmsia, Lepidostephium, Allardia, Isoetopsis, and Mamsmodes, 
the evolution of type N has proceeded only as far as type P, the 
paleaceous setae being connate at the base and quite short in 
several of the above genera. The next step is seen in other genera, 
such as Anacyclus, Anthemis, Pentzia and Crossostephium, where the 
pappus in some species is very short and the flmbriato-coroniform 
type is more common. In many of these genera and others of the 
tribe type Qb occurs, e.g., some species of Chryianthemum, Cotula, 
Pentzia and Anthemis ; or the pappus may be type N, or type Qb, or 
absent in different species of the same genus. 

Interesting transition forms occur in the various species of the 
anomalous genus, Oedera, types N and P occur in addition to a 
special form somewhat like type K but with the paleae fused by 
their margins to give a deep, membraneous tube, fimbriate at the 
top. 

In only one genus, Cancrina, are the paleae few in number, 
type M, and in some species of the most closely allied genus, 
Allardia, setae more or less flattened, but closely approximating the 
typical pappus of the Senecioneae, occur. Other species of Allardia 
show these setae developed into type P, with the length reduced 
and the setae connate at the base ; the apex of the setae may be 
simple or plumose. In Allardia and Cancrina, therefore, we get 
a complete series of transition forms leading from type A to types 
N and M. 

As Oedera and Allardia are in separate sub- tribes we again get 
no indication of the relative position of the Anthemidinae and 
Chrysanthemidinae and it becomes probable that the Anthemideae, 
like the Cichorieae, is sub-divided on an artificial basis. 

Inulece. The Gnaphaliinae is taken as the primitive sub-tribe 
and the Helichryseae as the primitive group within that sub-tribe, 
the Eu-gnaphalieae being derived. This arrangement is confirmed 
by the structure of the pappus. Helichrysum and Gnaphalium are 
the chief genera ; the former has one row, or rarely several rows, 
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of setae of type A, or occasionally the setae are barbellate or sub- 
plumose at tlie apex, and may be free or connate in various ways 
at the base. The latter is similar, but the setae are never in more 
than one row and sometimes have the cilia of the plumose apex 
fused, giving thickened and club-like setae. Here also the setae are 
free or connate at the base. The other genera are mostly setose 
and similar to the above, connation at the base being common and 
leading to the paleaceous and flrnbriato-coroniform types in a few 
genera of the Helichryseae. 

The barbellate and sub-plumose types of the primitive genera, 
develop in others into type$ plumose at the base, as in Helipterum, 
or at the apex, as in Podotheca, or the setae may be scabrid, 
barbellate or plumose, as in Waitzia. Types A, D, E, F, G, M and 
and N occur in this sub-tribe, the primitive types A and D 
predominating. 

Types A and D are characteristic of the Tarchonanthinae (cp. 
Pig. 7, Chap. II). The higher types L and K occur in several of the 
Filagininae, but this sub-tribe also shows types A and D in two of 
the chief genera, Filago and Ifloga^ and type N in two smaller genera. 
The pappus may be absent occasionally in most genera and is never 
present in several. 

Types A and D are again common in the Plucheinae (cp. Fig. 7), 
but type E occurs in Pterigeron and P in two small genera. The 
relatively higher type D is commoner in the Inulinae than in the lower 
groups (cp. Fig. 7), as are also types E, P and K, while in a few 
isolated genera the numl^er of paleae becomes reduced. The pappus 
may be in one to several rows and is frequently in two, the inner 
setose and the outer paleaceous. 

The Angianthinae, Relhaniinae and Athrixiinae show a very 
similar range, varying even in the same genus from type A to types 
K or M, and showing in general the types on the evolutionary lines 
leading to types I and M (see Pig. 18). 

The Buphthalminae are of special interest as an intermediate 
group (cp. Fig. 7). Most of the genera have only one or two species 
and setaR of type A occur only in Gymvarrhena. Similar setae but 
with the apex barbellato-plumose occur in Rhanterium, In the 
other genera the pappus is either absent or paleaceous of various 
types. Even in Gymnarrhena there is an external row of eight to 
ten setae of type P, and in Rhanterium the setae are reduced to four 
or five. The paleae in the other genera are usually numerous and 
short, sometimes fused to give type N, sometimes prolonged into 
aristae, as in type G. 
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Cynarea. The Centaurein« is taken as the primitive sub-tribe 
and in the chief genus, Centaurea, we find a wide range of pappus, 
forms; tlie setae are in numerous rows and show various stages in 
fusion from the inner setae of type A to the outer short paleae of type 
K ; types A, C, D, E, P, H, K, L and M occur, some of them in the 
same species, some of them in different species of this diversified 
genus. This covers the range in the other genera but these show a 
more limited variety of pappus forms. The plumoso-setose type is 
frequent in the Carduinse hut types A, B, C, D and F occur and are 
frequently connate at the base, a condition which is not common in 
the Centaureinse. Gymnarrhena is, therefore, a very good inter- 
mediate form, leading on to Centaurea on one hand and by a similar 
development of paleaceous setae to the rest of the Buphthalminae on 
the other. 

The Plucheinae were suggested as an alternative source for the 
Cynareae (Chap. IV, F), but the pappus of the chief genera in that 
sub-tribe is of type A, so that it seems more probable that the 
Centaureinae, at least, have come from the Buphthalminae. Poly- 
phyly is, of course, possible and the Plucheinae would form a probable 
source of the Carduinae. 

Type E is strongly developed in the Carlininae but paleaceous 
types also occur and show a tendency to reduction, e,g,, in 
Xeranthemum, where the pappus may be absent or composed of 
minute paleae. This leads on to the Echinopsidinae where the 
pappus is of types P or N. 

Mutisiece, Here the Nassauviinae are the primitive sub-tribe. 
The corolla form of Nassauvia (see Fig. 10, Chap. IV), suggests 
that genus as primitive but the pappus is frequently more or less 
paleaceous and the genus has a very peculiar habit. Perezia and 
Trixis are two of the chief genera and have the pappus of type A ; 
of these two genera, Perezia has a very distinct habit and involucre, 
while Trixis closely approaches Senecio in several of its plant forms 
and in its involucre. It will be noted that the hairs on the cypsela 
are also very similar (see above Sect. A), and that the style is the 
same as that of Senecio. It only requires a development of basal 
appendages to the anthers (these appendages are already present 
in a number of species of Senecio) and the development of bilabiate 
florets throughout the capitulum (which it has been suggested is 
the effect of excessive nutrition. Chap. IV, C) to change a Senecio 
into a Trixis. The mutations necessary for some, at least, of the 
generic differences in the Composite will be seen from this to be 
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quite small, (cp. the origin of the Cichoriese from the Senecionese, 
Chap. IV, B). 

In the other genera of the Nassauviinse types D and E are 
common ; type P and a type between E and M occur in Nassauvia, 
and the number of paleae may be reduced in that genus and is 
usually 80 in TripHlion. Types E, P and G occur in the 
Barnadesiinae and types A-P in the Onoseridinae. In connection 
with the suggestion of Mutisia as the primitive genus in the latter 
sub-tribe (see Chap. IV, P), it is interesting to note that the pappus 
there is the same as the dominant form in the Nassauviinae, i.e., 
type E. 

The Gerberinae are suggested to have come from Mutisia but 
type A is the commonest pappus-form in this sub-tribe, while Mutisia 
shows only type P. An allied genus, Onoseris, has type A pappus 
and on this point seems a more probable source. Types D and E 
also occur in the Gerberinae. The plumoso-setose type is dominant 
in the Gochnatiinae but types A, C, D, K and M occur in a few 
species. The appearance of the paleaceous types confirms the 
position of this sub-tribe, but the evidence of all the characters of 
the florets supports the conclusion that Mutisia gave the Gochnati- 
inae and Onoseris the Gerberinae. 

Vernoniea. The chief genus in this tribe is Vernonia, and the 
other genera are really more or less sub-genera of this large one. 
Most of the floral characters point to Vernonia being the primitive 
genus of the tribe and this is also borne out by the pappus. There 
are usually two, sometimes three, rows of setae, which are frequently 
all type A and numerous ; the inner row is usually of type A but 
occasionally of types P or K, and may be free or connate at the 
base ; the outer row is usually of an abbreviated type K but quite 
frequently is setose scabrid (type A). A reduced number of setae is 
present in some species especially in the African and Asiatic sections, 
or the pappus may be altogether absent. If this range of variation 
be compared with that of Senecio and more closely with that of 
Liabum (see above) the derivation of Vernonia from Senecio via 
Liabum is seen to involve only a few changes in the characters of 
the florets. 

Type A is commonest in the rest of the Vernoniinae ; in a few 
genera types N, P and K occur and the pappus is occasionally 
absent. 

Paleaceous types are dominant in the Lychnophorinse, while two 
of the chief genera frequently show type A but types P and K also 
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occur in these genera, and the Ambriato-coroniform type is shown 
by other smaller genera. 

Asterea. The Homochrominae is taken as the primitive sub- 
tribe ; type A is dominant with type D as a common variation and 
types P and O in a few genera. In the small genus, Homochroma, 
the setae are plumose, type B. There is also a tendency to 
abbreviation and connation of the setae. This same tendency is 
more strongly developed in the Bellidinae, leading in most genera 
to type N or to complete reduction. In the chief genus, Brachycome, 
abbreviated forms of types A and P occur and are sometimes 
connate, so that it is probable that the Bellidinae have arisen from 
the Homochrominae. 

Type A is again dominant in the Conyzinae and Baccharidinae, 
with a tendency to connation at the base in a few genera and the 
same approach to type P, and more rarely to type E, as occurs in 
the Homochrominae. 

The five chief genera of the Heterochrominae are Aster, 
Erigeron, Olearia, Felicia and Celmisia and these all show type A. 
There is, however, a large number of smaller genera in which types 
D, P or O occur. Types E, N and M occur more rarely. The 
advanced position of the Heterochrominae compared with that of the 
Homochrominae, which was suggested by the colour of the corolla 
{Chap. IV, D), is confirmed by the greater development of the types 
B, P and 0 in the former sub-tribe. 

The pappus is frequently absent in the small sub-tribe, 
Orangeinae, and when present is usually of tbe reduced type N, or 
an abbreviated form of the fimbriato-paleaceous type K, which is 
very closely allied to type N. 

Eupatoriece. The primitive sub-tribe here is the Ageratinae and 
within the sub-tribe the Eupatorimi-Mikania group is basal. In 
these two genera type A is the usual pappus-form ; the setae are 
frequently connate at the base and type D also occurs rarely. There 
is a marked tendency to fusion of the setae, and types E, P, G, K 
and O all occur. Reduction is sometimes present giving type N, 
or no pappus at all, or the number of aristae or paleae, which varies 
from many to two, may be reduced to five, ten or twelve. This 
reduced number of members may or may not be associated with the 
vascular bundles of the pericarp but when ten or five are usually so 
associated. 

This tendency to reduction shows clearly in Sclerolepis, a 
transition genus between the Ageratinae and Piqueriinae (see 61b. 
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Pigs. 3-5), and is continued in the latter sub-tribe, giving 3-5 aristae 
n Adenostemma and type N in Piqueria, Type E which is common 
n the Ageratinae also occurs here in three genera and types G and 
i. in other genera. Type A is again dominant in the Adenostylinae 
Afith types D and B as common variations. All three types occur 
n Brickelliat the chief genus, and type G occurs also but only in 
Carphochcete, 

Helianthece, The aristate type O and its derivatives (see Pig. 
18) form the dominant types in this tribe. The tendencies to lateral 
usion and reduction giving the paleaceous and flmbriato-coroniform 
:ype8 are also present, but to a smaller extent. 

The Verbesininae is taken as the primitive sub-tribe and 
Vequently shows only two aristae ; that this is a reduced not a 
primitive pappus-form will be clear from the above account of the 
pappus (Sect. B) and this view is supported by the fact that the 
3 ther reduced form, type N, is also of frequent occurrence in this 
jame sub-tribe, and also by the fact that the pappus is frequently 
absent altogether. The setose origin is further demonstrated by 
:he frequent presence of paleae of types K and L (which are clearly 
used setae) between or among the aristae, and by the Helianthus 
:ype, which is type N, with two of the major lacerations larger than 
:hc others, thus passing locally into type K. 

The pappus is absent from the Ambrosiinae, except in one genu8» 
Dicoriay which shows a feebly developed type N structure. In the 
Petrobiinae the pappus is absent or of type N in combination with 
2-4 structures of type G. This same combined type, where a few 
the fimbriations of type N become thickened and elongated, thus 
passing locally into type G, occurs in the Lagasceinse. 

The Zinniinae usually have the pappus absent, but type O is 
present occasionally. The Coreopsidinae are characterised by type 
O frequently developing into types Pa and Pb or being reduced 
to types R or Qa. The pappus is also sometimes absent, so that 
the tendency to reduction reaches its extreme expression. 

This tendency to reduction is developed further in the Melam- 
podiinae, the pappus here being frequently absent, and showing only 
types R, Qa and N when present, except in a few cases where types 
O and G occur. 

The tendency to reduction is even more accentuated in the 
Milleriinse (cp. Pig. 7), where in most genera the pappus is entirely 
absent, showing type N in only two genera and four aristae of type 
O in another genus. 

The affinity between the Galinsoginae and Madiinas which is 
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suggested in Fig. 7 is emphasised by the pappus characters. In the 
Galinsoginas the tendency to lateral fusion shown in the Verbesininse 
is further developed, the pappus being usually of types G or M. 
The Madiinae have more in common with the Coreopsidinae in that 
type N is dominant, but type G occurs in Wilkesia, and occasionally 
in Layiat which genus also shows type E, which it will be 
remembered gives type M (see Figs. 17-18). Type K also occurs 
occasionally in Achyrachesna, 

Heleniea, The tendency to lateral fusion of the setae which 
shows in the Galinsoginae becomes dominant in the Helenieae. 
Types A and D occur within this tribe only in the Tagetinae, which 
is taken as the primitive sub-tribe, but as these types are practically 
absent from the Heliantheae their presence in several of the 
Tagetinae raises the question of the origin of that sub-tribe. 

There are several possible explanations ; the most probable 
one is that the reclassification of this tribe is required. The 
Helenieae, like some of the other tribes, is not a very nature 
group; indeed, Bentham put forward this tribe with some uncertainty 
(cp. 5, p. 381). It is distinguished from some of the Heliantheae 
only by the absence of paleae from the receptacle, and the genera 
with the pappus setose are practically Senecioneae in all their 
characters, except the slight tendency of the setae to be paleaceous 
at the base. This, it has been pointed out above occurs even in 
the genus Senecio, but Bentham seems to have been unaware of the 
fact. 

Apart from these anomalous forms the Tagetinae usually shows 
type G, but types K and L also occur. The Plaveriinae are a small 
group with type G or the reduced type N or no pappus at all. The 
Heleniinae are usually type G, but one genus, Trichopiilmmy shows 
type L, and another, Psathyroies (removed to the Senecioninae by 
Hoffmann) shows B. 

The Baeriinae usually have the pappus of type G, but a consider- 
able variety occurs which it is unnecessary to discuss in view of the 
contemplated reclassification of the tribe. The chief point to note 
is the appearance of type N in a number of genera and the complete 
absence of the pappus in a number of others. This leads on to the 
stronger development of type N in the Jaumeinae, cp. Fig. 7. 

D. Phylogenetic Significance of the Pappus. 

The spasmodic variation of the pappus in related genera has 
been pointed out in Section A, but the pappus-forms when treated 
on broad lines as in Section C are capable of yielding valuable 
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phyletic data, provided that critical tendencies arc considered to be 
of as much importance as actual form. Two such tendencies, 
cohesion and reduction which are fundamental tendencies in the 
other parts of the floret, can be recognised as being ruling factors 
in the development of the paleaceous, aristate and coroniform types 
from the primitive setose types. These lines of orthogenesis are the 
key to the otherwise hopelessly confused mass of variations shown 
by the pappus. 

Many of the points where the pappus-form has a phyletic value 
have been indicated in Section C so that it is only necessary to 
summarise briefly the phyletic value of this part of the floret. 

Senecio is confirmed as the basal genus, by the dominance of 
the most primitive pappus-forms and the occasional expression of 
the two fundamental tendencies above-mentioned. The basal 
position of the Senecioninse is also confirmed by the same facts 
and the lines of evolution leading to the higher types of pappus are 
traced in outlying genera. 

The Liabinae are confirmed as an intermediate stage in the 
development of the Vernonieae and the derivative position of the 
Lychnophorinae is also verified. 

The origin of the Cichoriese from the Senecioninsc is confirmed 
and the progressive development of the two critical tendencies 
together with the frequent presence of the primitive types is clearly 
shown. 

There is also evidence in support of the suggested origin of the 
Calendulese as a reduction product of the Senccioninae. 

The evolution of type M from type E occurs in the origin of the 
Arctotideae, Uninia again being the basal genus, with the Gorteriinsc 
as a progressive variation and the Gundeliinae as a reduced 
derivative. 

In the Anthemideae the tendency to reduction is more strongly 
developed, leading to the frequent absence of the pappus or its 
presence in the form of type N. The occurrence of transitions 
from type A through F to N is evidence in support of the suggested 
origin of this tribe from the Senecioninse. 

The InulesB show a very marked progressive evolution in the 
pappus forms from the Gnaphaliinae (type A usually) to the Inulinse 
(types A, D, B, P and K), with type A passing into types D, E, P and 
G in the Buphthalminae leading to the Cynareae, where the higher 
setose and paleaceous types are well developed 

In the Cynareae Centaurea is confirmed as the primitive genus, 
with the positions of the Carduinse, Carlininae and Bchinopsidinae 
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as in Fig. 7. The possible polyphyletic origin of the Cynarese is 
suggested and the Pluclieinse are indicated as a possible alternative 
source of the Carduinse. 

The most interesting point is the confirmation of the origin of 
the Nassauviinae from the Senecioninae and the primitive position 
of that sub-tribe in the Mutisieae. Trixis is clearly the primitive 
genus ; this is confirmed by the chai’acter of the achenial hairs. 
Mutisia is confirmed as the primitive genus in the OnoseridinaCt 
with Onoserh as a closely allied basal genus giving the Gerberints, 
while Mutisia is the source of the rest of the Onoseridinae and of 
the Gochnatiinae. 

Tbe rearrangement of the Homochrominse (Astereae) below the 
Hcterochrominae: is confirmed. The positions of the other sub- 
tribes are also supported by the evidence derived from the pappus 
with the exception of the Bellidinae, which it is suggested were 
derived from the Homochrominae, not independently as in Pig. 7 

The origin of the Bupatorieae from the Astereae by the passage 
of the Heterochrominae into the Ageratinae and the position of the 
Eupatorium-Mikania plexus at the base of the latter sub-tribe are 
upheld by the present evidence, as is also the passage of the 
Ageratinae into the Piqueriinae via ScleroUpis, Adenostemma, and 
Piqueria, 

The Heliantheae again show advanced characters, the tendency 
to fusion in clumps and reduction being well-developed in the 
primitive sub-tribes, while the tendency to lateral fusion of the setae 
culminates in the paleaceous forms of the Galinsoginae. 

The possibility of the Helenieae being an artificial group is 
indicated and a close affinity pf many of the genera with the 
Senecioninae is traced, while the evolution of the sub-tribes is left 
for future consideration on account of the variation in the form of 
the pappus. 

It is clear, therefore, that the consideration of the pappus in 
the light of the evolution of the various types from the primitive 
setose form confirms the previous phyletic suggestions in most of 
the more important points, and even furnishes valuable indications 
of the more detailed evolution of certain groups such as the 
Vernoniese, Bupatorieae, Cynareae and Mutisieae. 
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Chapter VI. 

THK INVOLUCRE. 

T he characters of the involucre have been used more or less 
empirically in various systems of classiflcation, hut there 
appears to have been no critical consideration of the origin and 
homologies of this structure. 

As the involucre is present fully developed in practically all 
Compositse it is necessary to consider the evolution of involucral 
structures in other families where its origin and development can 
be traced. This is done in Section B of the present chapter 
which in addition contains a brief account of the history of our 
knowledge of the involucre in the Compositse, an analysis of the 
various types to be found in the family and an indication of the 
bearing of that variation on the previous phyletic conclusions. 

A. History, 

As the involucral bracts are easily observed and show a 
great variety of form they received a considerable share of the 
attention of the earlier systematists. Vaillantus (H, 70') used the 
involucre for his primary divisions of the Cynarocephalae ; Magnoi 
(I, 62) who used the "calyx” as his basis for classiflcation, 
characterises his "Compositum” as "calice externo includente 
florem ” ; Boerhaave (1, 12) gives the involucral characters for each 
genus; Linn< (1,59) gave a " methodus a calycis ” of his own, 
dividing the “ Communes ” into eight groups on the character of the 
involucre. He distinguished various types of involucre such as 
simple, uniseriate, duplex, calyculate, involucrate, multiseriate with 
all the bracts similar or imbricate. Berkhey at a later date (1, 9) 
gave figures of various types of involucral bracts and considered the 
involucre in some detail, distinguishing the simple, imbricate and 
calyculate types. 

The involucre was used with other parts by Don (1, 25) in his 
classification of the Cichorieae, and Gsertner (I, 32), although he 
did not use this structure for his larger groups, described it 
carefully for each genus. The involucre is now included in the 
^ Roman numci*al8 refer to previous bibliographies* 
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essential characters of all genera, and is also used in the classi* 
flcation of species within various genera, such as Pteronia (9), 
Centaurea and Liabmn. 

Cassini (I, 18, Tome I, pp. 255-260) distinguished between the 
inner involucral bracts, which are usually more or less membraneous, 
and the outer involucral bracts, which may be very small and 
rather irregularly arranged or large and closely similar to cauline 
leaves. He named the collection of inner bracts the “ pdricline,” 
and the outer biacts when foliaceous the “ involucre.” Where the 
outer bracts are small this author considered that a “ p<$ricline 
accompanied by bracteoles is present. In addition he described 
the variation in the form of the pericline and involucre at some 
length, giving the technical terms used in describing the appendages, 
margins, etc. 

Bentham (1, 7) considered this distinction of pericline and 
involucre to be misleading, and adopted the general term “ involucre.” 
This practice has been followed very generally, the difficulty 
of the cases with foliaceous outer bracts which pass more or less 
gradually into cauline leaves being met by describing the involucre 
as duplex. Bentham also discussed the taxonomic value of the 
involucre, pointing out that this structure may give useful indica- 
tions of tribal affinities, but must be used with caution on account 
of its variability even in related genera. 

Morphology. Cassini {loc. cil.) considered that the members 
of the pericline were the rudiments of petioles with flowers 
developed in the axils of all, if uniseriate, or with flowers aborted 
in the axils of the outer rows, if multiseriate. The members of the 
“ involucre ” he homologised with cauline leaves. The leaf base 
nature of the periclinal bracts is confirmed by Church (3). 
Bentham {op. cit. p. 367) apparently considered all the involucral 
; members homologous with the flower-bearing, inner bracts. The 
bract-like nature of these inner members is confirmed by various 
abnormalities, such as that recorded by Offner (IV, 65 and see also 
descriptions of proliferations by Masters, IV, 52, and Worsdell, IV, 
97), and by Church’s observations (see Ci)ap. VIII, B). The spines 
of the anomalous genus, Xanthium, were described by Baillon (V, 
3) as involucral bracts. 

The morphology of the outer involucral members has never 
been seriously considered, with the exception of Cassini’s few 
remarks, which have been neglected by most synantherologists. 
Blake (2) and others, however, have noted the similarity of these 
so-called bracts to reduced cauline leaves. 
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Biology. The occasional use of the involucre in the wind- 
dispersal of the whole fruit-head was noted by Hildebrand (V, 30). 
The protective function and the hygroscopic movements of the 
bracts are mentioned by Haberlandt (111, 15, p. 552) and Yapp 
(IV, 98), and form tbe subjects of short papers by Rathay (12) and 
Gressner (6). The latter also mentions the hairs which seal the 
closed involucre in the bud. These had been noted previously by 
Hildebrand {loc. cit.). 

Biometrics, As the result of extensive statistical observations 
Shull (13-14) concluded that the number of involucral bracts shows 
a seasonal variation due to nutrition differences. The number 
showed a continuous change, beginning low, increasing for 2-6 days 
to a maximum and then decreasing for the rest of the flowering 
period. Shull maintains that the modes of his curves have no 
connection with the Fibonacci series. 

Harris (7) deals with the correlation between the number of 
involucral bracts and the number of fruits developed. 

Mutations. Sudden variations in the involucre are recorded 
in a few cases, e.g., partial loss of prickles in Xanthium Woottoni 
(IV, 87, pp. 139 and 152), and a peculiar spreading and variation in 
number of the bracts in Vernonin rubricaulis (15). Various 
abnormalities, chiefly apostasis, are mentioned by Cramer (IV 
21) and Masters (IV, 52). 

B. Okigin and Development of the Involucre. 

The capitulum is a racemose inflorescence, usually with a more, 
or less flattened receptacle on which the florets are crowded. It is 
frequently considered to be a spike of sessile or nearly sessile 
flowers with the peduncle shortened. There is, however, another 
possibility which is usually overlooked — the capitulum may arise by 
the abortion of the pedicels in a racemose umbel. The two 
processes are very similar, but in the former the pedicels abort first 
and then the peduncle, while in the latter the stages are reversed. 
Although the reduction is similar the products would tend to present 
certain differences. 

In a spike the flowers are usually spaced well apart and the 
flowers are frequently large. Any reduction in the length of the; 
peduncle would naturally be gradual, and the bracts of the flowers 
would tend to be reduced by the same causes (decrease in food\ 
supply, illumination, etc.), and, therefore, in the same measure as 
the flowers. The receptacle would rarely, if ever, become flat, and 
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would tend to be conical and elongated with the subtending bracts 
of the flowers reduced but still present (cp. Pig. 19, A-B). 

In a racemose umbel the flowers are usually already crowded 
together. The food supply is already reduced, so that the flowers 
are small, and, as the outer flowers receive more illumination, they 
tend to become zygomorphic (cp. Goebel, V, 21, p. 552). The 
pedicels at their insertion on the peduncle are much more crowded 
than the florets at the top of the umbel, so that the bracts of all 
except the outer flowers have already become reduced or have 
disappeared completely. If abortion of the pedicels occurred the 
florets would then be sessile on a more or less flat receptacle with 
very reduced bracts to the inner florets or no inner bracts at all. 
The bracts of the outer florets would form a structure corres- 
ponding to the periciine of Cassini (cp. Pig. 19, C-D). 


.■v 



Fig. 19. Origin oj the Capitulum. A— spike ; B— capitulum derived from 
spike ; C — racemose umbel ; D— capitulum derived from racemose umbel. 


Parkin (10), although he does not discuss the evolution of the 
involucre at all and makes only a passing reference to the origin of 
the capitulum, gives a diagram (op. cit. PI. 18) in which the spike is 
regarded as a side line and the head as derived from the simple 
raceme via the corymb and the umbel. Masters (IV, 52) records 
anomalous elongation of the pedicels in Hypocharis radicata and 
Senecio vulgaris, etc., by which change “ the capitulum assumes the 
appearance of a simple umbel.” 

The involucrate inflorescence occurs as a normal form in quite 
a number of families, e.g., Dipsacese, Umbelliferse, Cornacex, 
Proteacese and Briocaulaceae, and in many others as an exceptional 
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type, e.g., Spharocoina in the Caryophyllaceae (cp. 1, Tab. Ill), 
where the involucral bracts are few, small and green ; Posoqueria 
densiflora (Rubiacese) where there is practically no receptacle and 
an indeflnite involucre of a few foliage leaves ; and Monarda in the 
Labiatae (see below). 

It may be of interest to note the condition of the involucre 
in some of these families. In the Monocotyledons Alistna 
Plantago shows cymose umbels with a simple involucre very 
similar to that of the proliferated Helenium observed by Masters 
(11.48): Narthecium ossifmgum may be taken as an example of the 
common phenomenon of progressive crowding in a raceme with 
bracts and pedicels present, spacing taking place later in the fruiting 
stage. In the crowded spikes of many orchids bracts are usually 
present. 

Among the Dicotyledons we have the phenomenon of pro- 
gressive crowding very marked in the Cruciferae, where the bracts 
are absent ; this with the corymbose habit gives an approach to 
the racemose umbel. In the Leguminosse dense racemes are 
common ; the pedicels are frequently very short and the bracts* 
much reduced or absent. An involucre is comparatively common 
in these heads, and may be composed of a few of the outer fertile 
bracts or 1-2 slightly modified cauline leaves. 

In the Araliaceae (Hedera and Aralia)^ the inflorescence is a 
racemose umbel with the bracts much reduced or absent and no 
involucre. The Umbelliferae frequently show the umbel with only 
the outer bracts forming a uniseriate involucre, but the development 
of more rows of involucral bracts occurs whenever the inflorescence 
becomes denser, as in Saniculaf where it is uniseriate or indefinitely 
bi-seriate, and Astmntia, where it is bi- or tri-seriate. 

The cauline origin of the involucre in Monarda is seen clearly 
in the Labiatae, where there is a distinct tendency towards shorten- 
ing of the internodes immediately below the inflorescence. This is 
well shown in many common Labiatae, such as Prunella vulgaris 
and Ajuga replans, and a similar phenomenon is seen in Campanula 
glomerata. 

^ In the Campanulaceae the umbel of Jasione, like that of 
Astrantia, has a pluriseriate involucre. The usual tendency in 
th^ Lobelioideae is towards dense spikes with many large foliaceous 
bracts* but racemose umbels occur also, notably in Siphocampylus 
spp. Below these umbels there are usually a few normal foliage 
leaves, somewhat crowded on account of the shortening of the 
ititernodes as in the Labiatse. 
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These few examples serve to illustrate the two sources of the 
involucre in other families. In the one case the involucral members 
are the bracts of the outer florets, Umbelliferae and some 
Leguminosae; in the other case the involucre is composed of 
purely caidine leaves, some Leguminosae, Anemone^ Nigella 
and Siphocampylus spp. The tendency to form secondary aggrega- 
tions of capitula is present in several families in addition to the 
Compositae, and may be illustrated by Xylia Kerrii in the 
Leguminosae (4). 

As the pliiriseriate involucre arises either by the progressive 
sterilisation of successive rows of bracts or by the progressive 
aggregation of cauline leaves the primitive involucre is obviously 
the type with a limited number of bracts arranged more or less in 
one row as in the Umbelliferae, with or without a small and 
indefinite number of reduced cauline leaves. 

The difference in origin corresponds very closely with Cassini’s 
“ p(iricline ” and “ involucre”; and the uniseriate pericline is clearly 
the primitive type with no sterilisation of bracts, while the 
“ involucre ” of a few more or less scattered members is likewise in 
the primitive condition. 

The term pericline ” will be used here to indicate the leaf- 
base structures of the involucre which have, or which probably have 
had, florets in their axils. As the term “ calyculus ” is in common 
use it will be used here to denote the outer part of the involucre 
which originates from purely cauline leaves. This obviates the 
difficulty of the variation in terminology, duplex involucre, secondary 
involucre, pseudo-involucre, etc., having been used in various 
attempts to distinguish between the two parts of the complete 
involucre (cp. Blake, 2). 

Cassini’s distinction between reduced and foliaceous members 
of the calyculus does not seem to be of much importance, when the 
mobile condition of the vegetative parts, especially in a dense 
inflorescence, is recognised. The homology of these reduced cauline 
leaves is obvious in such cases as Cavea (IV, 78, Pl.V) where 
reduction proceeds simultaneously with the progressive aggregation 
of the cauline leaves, and also in Gynura elliptica (8, PI. 11), Senecio 
crepidiformis and S. Pearsonii (11, Figs.8-9). The not infrequent 
occurrence of apostasis in the calyculus is due to the elongation of 
nodes which are normally suppressed. 

As the complete involucre of the Compositae usually includesi 
both calyculus and pericline it seems that both cauline leaves an4 
floral bracts contribute to this part of the caoitulum. 
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The only point now to be determined is whether the capitulum 
arose from a spike or from a racemose umbel. The smallness and 
flatness of the receptacle, the very reduced character of the 
receptacular bracts when they are present, the small size of the 
individual florets and the dominant tendency to zygomorphy of 
the outer florets are all evidence in favour of the origin of the 
capitulum by the suppression of the pedicels in a racemose umbel. 

The only evidence in favour of the origin from a spike is the 
occurrence of an elongated receptacle together with receptacular 
bracts in a few of the Heliantheae, such as Rudbeckia, but these are 
quite advanced in the characters of the style, stamens, corolla and 
pappus, so that they can scarcely be considered primitive types. 
This derivation would also leave unexplained the small size of the 
florets, the dominant tendency to zygomorphy in the outer florets, 
the reduced condition and frequent absence of the receptacular 
bracts and, more important still, the dominance of the small, flat 
or very slightly convex receptacle. All these characters and 
tendencies are more readily intelligible when the racemose umbel 
is taken as the ancestral inflorescence. 

The view adopted here of the origin and development of the 
involucre in the Compositae is briefly as follows : The ancestral 
racemose umbel by abortion of the pedicels gave a capitulum with 
the bracts of the outer florets forming a uniseriate pericline, while 
aggregation of the cauline leaves immediately below the inflorescence 
gave the calyculus. The primitive involucre has, therefore, an 
uniseriate pericline with a calyculus composed of a few scattered 
members. Progressive sterilisation of the floral bracts has given 
the pluriseriate pericline, while progressive aggregation of the 
cauline leaves has given a denser, pluriseriate calyculus. 

It must be observed, however, that in some cases the caly> 
cuius passes gradually into the pericline, but that is a question of 
pbyllotaxis and is considered in Chapter VI 11. 

C. Analysis of thb Involucre in Composit^b. 

Taking the uniseriate pericline and the slightly developed 
calyculus as primitive we can now analyse the distribution of the 
various types of involucre in the family. 

Senecionece, The genus Senecio again shows the primitive type 
with a number of variations. The pericline is uniseriate with the 
bracts free or more or less connate at the base, or there may be a 
smaller number of “ bracts ” in a second row. These outer 
“ bracts ” are probably a development of the smaller leaves of the 
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calyculus, which is frequently present. The members of the caly- 
cuius may be few and very small, as in Senecio vulgaris^ S.Dona, etc., 
but even in these species the number is sometimes as many as 
eight ; or the calyculus may be multiseriate with the inner members 
almost equalling the periclinal bracts as in S. paniculatus ; or there 
may be no calyculus. A multiseriate calyculus of 20-40 leaves 
occurs in S. lavandulcefolius : other similar cases are the species of 
the section Leptolobi of Harvey and Senders# 

The involucre in most of the genera of the Senecioninse is 
similarly uniseriate, with or without a calyculus ; even in this sub- 
tribe, however, the involucre rapidly becomes biseriate, as in 
Arnica spp. and Doronicum^ or triseriate as in BartleUia, or multi- 
seriate as in Melalema and Culcitinm^ or as in Eriothrix the 
involucral bracts may be almost indistinguishable from the densely 
crowded, reduced leaves of the stem. Cnlcitium is an interesting 
genus, as it differs from Senecio only in the multiseriate involucre, 
which on a larger scale closely resembles that of S, paniculatns in the 
gradual diminution in the size of the outer involucral members. As 
is usually the case where an artificial distinction is made, the two 
genera Senecio and Cnlcitium pass into each other by inter- 
mediate species which have been placed sometimes in one genus 
and sometimes in the other. Indeed, a new genus, Shafera, has 
been founded (5) which differs only in the 3-4-seriate involucre 
and obtuse style branches, and which is regarded by its author 
as intermediate between Senecio and Cnlcitium. It seems probable, 
therefore, that the multiseriate involucre in the Senecioninse is due 
to a development of the calyculus, the pericline remaining uniseriate. 

The Tussilagininse are usually uniseriate and the Liabinse 
multiseriate ; the Othonninae are uniseriate and are characterised 
by the greater development of the tendency to connation which is 
present in Senecio. 

Cichoriece. The involucre in this tribe is very varied ; frequently 
the pericline is uniseriate, with a well developed, more or less 
foliaceous calyculus in one to many rows. The progressive aggrega- 
tion of the cauline leaves to form the calyculus is occasionally seen in 
the dandelion. The sub-tribes are again indistinguishable on this 
character, but the structure of the involucre is closely allied to that 
of the Senecioninae. 

Calendiilece. Here the involucre is usually uniseriate with or 
without a calyculus but is sometimes triseriate in Osteospermum, 
where the calyculus may equal or may be smaller than the 
pericline. 
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Arctotidece. The involucre is multiseriate in all genera except 
Landtia where there are only a few rows of bracts. The calyculus 
is in a more or less primitive condition in the Arctotidinaeand more 
developed in the other two sub-tribes. 

Anthemidece, The calyculus is distinct in a number of genera 
and the pericline uniseriate orbiseriate. The number of rows in 
both pericline and calyculus varies considerably but more or less 
similarly in the two sub-tribes. 

Inulice, In the Gnaphaliinse the Helichryseae show a larger 
proportmn of genera with the involucre in the primitive condition, 
f.e., pericline uniseriate, calyculus in one to a few rows. In some 
genera, such as Millotia and Qinnetia^ the involucre closely resembles 
that of Senecio. 

A similar condition obtains in the Tarchonanthinae, one genus 
having the primitive form and the others a more developed caly- 
culus. In the Pilagininae most genera have only a few bracts, only 
Filago and Cylindrocluie showing sometimes the multiseriate 
involucre. The range in the Plucheinae from a pauciseriate to a 
multiseriate involucre is covered hy Pluchea^ except the case of 
Denekiaf which has a uniseriate pericline and a few similar outer 
leaves forming the calyculus. 

The Athrixiinae are all multiseriate, while the Relhaniinae show 
a large proportion of the genera with the primitive involucre, 
Bryomorphe being similar to Eriothrix in that the involucre is 
practically indistinguishable from the reduced, densely crowded, 
cauline leaves. A number of the Relhaniinse have the multiseriate 
involucre while the Angianthinae have only two genera, Cephalip- 
Urum and Gnaphalodes^ with the advanced type ; all the other 
genera have either the primitive type or a few, sometimes only two, 
bracts. 

This fact and the difference in the corolla (see Chap. IV) 
suggests that the Angianthinae are not so closely related to the other 
two sub-tribes as is suggested in -Pig. 7. They might be better 
regarded as a special group showing a certain amount of reduction 
in the involucre, while the Relhaniinae might be regarded as giving 
the slightly more advanced Athrixiinae. 

The primitive involucre occurs in a number of the Inulinae 
and Buphthalminaa, and the numerous outer rows in the other 
genera are shown to be a developed calyculus by their frequently 
foliaceous structure. Indeed, the Inulinae are as primitive as the 
Gnaphaliinae in the involucre. 

Cynarea, The involucre is multiseriate and in the primitive 
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genus, Centaurea^ has undergone various modifications ; spines or 
more or less elaborate appendages are frequently present at the 
apices of the bracts. The pericline is in two or more rows, and 
usually passes gradually into the calyculus. A similar involucre 
without the elaborate appendages is the rule in the Cynareae. The 
only difference in the sub-tribes is the occurrence of a more or less 
foliaceous calyculus in two or three genera of the Centaureinae. 

Mutisiece. In the Barnadesiinae, Onoseridinae and Gochnatiinae 
the involucre is multiseriate without exception. This is interesting 
when the involucre of the Nassauviinae is considered; there only 
three small genera are multiseriate, the others varying from five 
or six bracts to a few rows. Perezia has two to many rows, the 
pericline being uniseriate and the calyculus frequently foliaceous. 
In Trixis the pericline is composed of from five to ten bracts in 
one row, and the calyculus is usually a few leaves, sometimes small^ 
sometimes larger and foliaceous, rarely more numerous and in 
several rows. This is exactly the condition in Senecio (cp. Chap. V, 
Sect. D). In Nassaiivia^ where the cauline leaves are reduced and 
crowded they pass very gradually into the calyculus, cp. Bryotnorphe 
and Eriothrix. 

Vernoniece, The involucre is multiseriate as a rule, reduced 
to a few bracts in Coryvibiuiii, Rolandra and Spiracantha^ and 
pauciseriate in a few other genera. Vevnonia and two or three 
other genera of the Vernoniinae have the calyculus occasionally 
foliaceous. 

AsterecB. The involucre is frequently multiseriate, but in the 
Homochrominae an uniseriate pericline with a more or less foliaceous 
or reduced calyculus occurs in a number of genera and it is the rule 
in the Bellidinae and Grangeinae. This primitive involucre is the 
commonest form in the Conyzinae and Baccharidinae, but in both 
these tribes it is occasionally multiseriate. The Heterochrominae is 
very similar to the Homochrominae with even a larger proportion of 
genera showing the primitive involucre. The chief genera, however, 
are all multiseriate, except Erigeron and some species of Felicia 
which are biseriate. 

Eupatoriece. The involucre in Eupatorieae varies from one to 
many rows, with the calyculus small or equalling the pericline in 
the size of the leaves. Mikania is distinguished from Eupatorium 
by its pericline of four bracts with or without a few membered 
calyculus. The other genera vary from uniseriate {Stevia) and 
bi- to triseriate {Ageratum) to pauciseriate {Alomia). The smaller 
genera vary within a similar range. In the Piqueriinae, with the 
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exception of Decachceta^ the primitive involucre is the rule. The 
multiseriate type occurs in the chief genera of the Adenostylinae, a 
few others showing the primitive type. 

HelianthecB, The primitive involucre is the rule thoughout the 
Heliantheae with only a few exceptions. The difference between 
the pericline and the calyculus is frequently so marked that the 
involucre is known as duplex, even by those systematists who do 
not recognise the essential difference between the pericline and the 
calyculus which is commonly quite foliaceoiis in tliis tribe. There 
is so much similarity in the sub-tribes that it is unnecessary to 
consider them in detail with the exception of the Madiinae where 
the calyculus is sometimes absent, and the Galinsoginae where the 
uniseriate pericline and slightly developed calyculus confirm the 
affinity of that sub-tribe with the Helenieae. 

Heleniea. Here the pericline is without exception uniseriate 
and the calyculus is absent or only slightly developed except in the 
more important genera of the Jaumeinae. 

D. Phylogenetic Significance of the Involucre. 

The establishment of a sound view of the morphology of the 
involucre with a definite primitive type enables us, as with the 
pappus, to analyse with some clearness the large number of varieties 
of this part of the capitulum and to obtain some information of 
phyletic value. 

The primitive position of the Senecioneae and Senecio^ the 
passage of the Senecioninae into the Vernoniinae via the Liabinae, 
the positions as in fig. 7 of the Othonninae,Tussilagininae, Cichorieae, 
Calenduleae and Anthemidese are ail confirmed. The Arctotinae is 
clearly the primitive sub-tribe in the Arctotideae. 

A slight rearrangement of three of the sub-tribes in the 
Inuleae is suggested and corroboration of the position of the others 
obtained. The Centaureinae is confirmed as the primitive group of 
the Cynareae. Trixis as the basal genus (arising from the 
Senecioneae) and the Nassauviinae as the basal sub-tribe of the 
Mutisieae have the involucre in the primitive condition. 

The positions of the sub-tribes in the Vernonieae, Asterese and 
Bupatorieae are confirmed. 

The relative primitiveness of the Heliantheae, the derivation of 
the Helenieae from the Galinsoginae and the advanced position of 
the Jaumeinae are supported by the evidence of the involucre. 

Without exception, therefore, the characters of the involucre 
in the Compositae substantiate the phyletic conclusions given in fig. 
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7, Chap. II and modified in Chaps. III-IV. This, it should be notedi 
is with the uniseriate pericline and slightly developed calyculus 
taken as the primitive type of involucre, a view which derives strong 
reciprocal support from the fact that with this hypothesis the 
involucre slows an evolution essentially similar to that of the other 
characters of the capitulum. 
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Chapter VII. 

THE RECEPTACLE. 

W E have now reached a stage where it is admissible to use 
previous phyletic conclusions in the interpretation of the 
morphology and phyletic value of the remaining structures of the 
capitulum. As the structure and irritability of the styles and 
stamens, the structure and colour of the corolla, the structure of the 
pappus and involucre have all been shown to indicate the same 
evolutionary lines, the structure of the receptacle should be explained 
ill the light of these facts. This is done in Section B and the usual 
sections on the history, the distribution of forms within the family 
and the phyletic value are included in the present chapter. 

A. History. 

Like the involucre, the receptacular paleae are among the more 
obvious features of the capitulum and as such were used at an early 
date in the sub-division of the family. Vaillantus (II, 70) 
distinguished various sub-groups of the Corymbiferae and the 
Cichoriaceae on the basis of the naked, paleaceous or pilose nature 
of the “placenta.” Pontedera (1,71) distinguished naked, squamate, 
pappose, and villous types of “ thalamus.” Gaertner (1, 32) also 
used the receptacle for his sub-divisions, distinguishing the alveolate 
form in addition to previously recognised types. Berkhey (1,9) has 
a chapter on the receptacle, distinguishing four types of surface and 
giving numerous figures in Tab. VII. 

Cassini (I, 18, Tome I, p. 252) gives a very precise and detailed 
account of the variation in the receptacle or “ clinanthe,” distin- 
guishing five parts and eight kinds of appendages, and differentiating 
between the paleae with florets in their axils and paleae which are 
more numerous than the florets and surround them. Bentham 
(1, 7, p. 368) gives another account of the variation in the receptacle 
and points out that the receptacular paleae are homologous with the 
involucral bracts; Blake (2) also notes this homology. It applies, 
however, only to the members of the periclinal part of the involucre 
(cp. Chap. VI, B). Bentham apparently confused the two kinds of 
receptacular paleae in the Buphthalminae (I, 7, p. 369) but after- 
wards (I, 8, p. 337) noted the setiferous character in a number of 
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genera in that sub-tribe. He also {loc. cit.) criticises Don’s use of 
the receptacle (I, 25) in the classification of the Cichorieae. 

Abnormalities. Cramer (IV, 21) refers to cases of the 
abnormal development of receptacular paleae in Hieracium and 
Pyrethrunij in which there are normally no paleae. Goebel (V, 21 
p. 397) mentions gradual transitions from involucral bracts to 
setiform paleae in Xeranthemiim macrophyllnm, but, as al)ove- 
mentioned (Chap. V, A), he maintains that a qualitative change has 
taken place and that these “bristle-scales” are “ bristle-scales ” 
not paleae. 

Development. Kraus (V, 44) considered that the foveole was 
epidermal in origin, but Yapp (IV, 98) points out that although the 
ridge is epidermal, the floor of the foveole has a more deeply seated 
origin. The late appearance of the ridge of the foveole and its 
origin from the epidermis is also noted by Martin (II, 47). 

Biology. The arching of the receptacle which occurs in 
Taraxacum and other genera, by means of which the stipitate, 
parachute pappus is accommodated on a more or less hemispherical 
surface, is noted by Benecke (I) and Kronfeld (3). 

H. Variation in thh Rrxr.ptaclk. 

Cassini’s analysis of the various forms assumed by the receptacle 
and its appendages is more precise than Bentham’s but the terms 
given by the latter will he used in the following description because 
they are in more general use. 

The receptacle is usually flat or slightly convex, occasionally it 
is conical and more rarely it is concave. This dominance of the 
flat or nearly flat receptacle is explained by the suggested origin of 
the capitulum from a racemose umbel (Chap. VI, B), and it is 
worth noting that Bentham (I, 7, p. 368) regarded the elongated 
conical receptacle as a character of no more than specific value. 



Fig. 20. Receptacle Forms in the Composites. A— scrobiculate ; B— foveolate; 
C— areolate; D— fimbriliate; H— setiferous (one segment) ; F— alveolate, 
bballow alveoles with entire margins. 
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The surface of the receptacle is described as scrobiculate (Pig, 
20, A) when it is covered with low mounds of tissue with furrows 
between, the top of each mound being occupied by the remains of 
the vascular bundle, which supplied the lower distributive centre 
(cp. II, 63) ; ^sfoveolate (Fig. 20, B) when it is covered with shallow 
circular or polygonal depressions, each with the above-mentioned 
small vascular protuberance; as areolate (Fig. 20, C) when the 
depression is polygonal, more or less flat-bottomed and surrounded 
by a low, narrow ridge ; as fimbrillate (Pig. 20, D) when this ridge 
is higher, with the margin lacerate, denticulate or cut up into a 
number of short paleae ; as setiferous (Fig. 20, E) if the lacinise of 
'the margin are long and narrow like the paleaceous setae of the 
pappus; as alveolate (Pig. 20, P) if the ridge is higher still with the 
margin entire or variously divided. 

In addition to these variations there is the paleaceous receptacle 
with membraneous scales, each of which subtends a floret. The 
latter point is frequently ignored and the term paleaceous applied 
to the setiferous receptacle but, as Cassini and Goebel maintain^ 
there is an essential difference between the paleaceous setae, which 
surround the achene, and the paleae, which occur in the positions of 
bracts. 

Considering the origin of the capitulum from the racemose 
umbel, it is probable that the inner bracts were already very much 
reduced or entirely absent before the suppression of the pedicels. 
The appearance of scale bracts or other structures among the 
sessile florets would in that case be either reversion or a new 
development. The sporadic appearance of paleae in the position of 
bracts in genera or even species with all their relatives non- 
paleaceous has all the characteristics of atavistic variation. The 
series of variations from the foveolate to the alveolate and setiferous 
types shows a progressive development of the ridge between the 
depressions which clearly constitutes successive stages in the 
development of secondary structures. Their secondary nature 
is confirmed by their first appearance after the formation of the 
gynoecium in the development of the capitulum (see Martin, 11,47, 
p. 355 and PI. XIX, Pig. 9b). 

The primitive receptacle would, therefore, be flat or nearly so 
and would show a foveolate structure, with reversion to a pre- 
Composite ancestor evident in the occasional appearance of paleao 
in the positions of bracts, and with the subsequent development o^ 
the setiferous and alveolate types indicated by the occasional 
appearance of the fimbrillate type. ^ 
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C. Analysis of the Forms of Receptacle in the Composit/e. 

As pointed out at the beginning of this chapter the evidence 
from all the other parts of the capitulum is so strongly in favour of 
the general scheme of evolution shown in Pig, 7 that the variation 
in the receptacle must be considered in relation to tliese other 
phyletic data. 

SenecionecE. These data clearly indicate the Senecionese as the 
basal sub-tribe and Senecio as the basal genus. The condition of the 
receptacle in that genus is, therefore, very interesting. Bentham 
(I, 8) describes it as flat or slightly convex, naked, foveolate or shortly 
flmbrillate ; this is quite in accordance with the conclusion arrived 
at in Section B, but the atavistic appearance of receptacular paleae 
also occurs, occasionally in Senecio (Senecillis) Gaertn., 

Pig. 21. This anomaly has not previously been recorded in Senecio 
and adds one more to the numerous cases in this genus of variations 
which indicate the “ critical tendencies ” throughout the family, and 
which taken together leave very little doubt of the correctness of the 
view that Senecio is the basal genus of the Compositae. 



Fio. 21. Sub-biscriate involucre and paleaceous receptacle of Senecio 
glduca, Gaertn. ; an abnormality in an authentic herbarium specimen. Magni- 
fication — about 3 diameters. 

The receptacle in most of the Senecioninae is flat and naked, 
but conical receptacles and foveoles occur in a number of genera 
and the flmbrillate type in some species of at least six genera* 
Raillardia which has been removed on insufficient grounds to the 
Helianthese by Hoffman has the receptacle setiferous ; Bartlettia is 
more or less scrobiculate and Arnica is often villous. The range 
in the Senecioninae is, therefore, that of all the more primitive forms 
of receptacle* 
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Finibrillate alveoles occur in Euryops in the Othonninse but as 
a rule the receptacle is naked or foveolate both in that sub-tribe and 
the Tussilagininae. The range in the Liabinse is interesting : Liabtmt 
is naked, alveolate or fimbrillate; Gongyothatnnus (=Sect. IV of 
Vermwia^ Hoffman) is foveolate; Neiirolaena has caducous paleae 
and Schistocarpha deciduous paleae. 

VeynoniecB, The same amount of variation is shown by the 
Veriioniinae, where the receptacle is usually naked. In Vernonia 
it is naked, foveolate or fimbrillate. Foveoles occur in a few 
species of only two genera in the Lychnophorinae, the others having 
no appendages. 

Cichoriece, All the receptacular forms occur in this tribe and, 
according to Bentham, have very little taxonomic value ; the palese 
when they occur are very thin, usually deciduous and not at all like 
bracts. Bentham (I, 7, p. 482) agrees that the Cichorieae are 
probably the most recent tribe, so that the sporadic appearance of 
paleaceous bracts is strong evidence of their atavistic nature. 

Calendulece. Practically without exception the receptacle here 
has no appendages. 

Arctotidece, This tribe has the alveolate type well-developed ; 
the margin of the alveole may be entire or variously divided. In 
Ursinia the alveole is divided almost or quite to the base so that 
each achene is surrounded by a number of narrow palese, free or 
fused in a ring at the base. Three small genera show the naked or 
foveolate types, with, in Haplocarpha^ a tendency to develop the 
fimbrillate form. The Gundeliinae are markedly setiferous, so that 
the relative positions of the sub-tribes and the primitive position 
of Ursinia are confirmed by the characters of the receptacle. 

Antheniidece. The only distinction, and it is admittedly artificial, 
between the Anthemidinae and Chrysanthemidinse is the presence 
of receptacular paleae in the former and their absence in the latter. 
The latter sub-tribe has, as a rule, no appendages on the receptacle, 
but foveoles. fimbrillae, setae, alveoles and even a few short paleae 
occur in some of the genera, so that even this artificial distinction 
breaks down in a few cases. Reclassification on a natural basis is 
required. 

Inulece, The receptacle here has no appendages as a rule, but 
paleae occur in a few species in almost every sub-tribe and the other 
types occur so sporadically that few phyletic data can be obtained. 
It may be noted, however, that Helichrysuni is naked, foveolate or 
alveolate and Gnaphalium naked or foveolate, so that the primitive 
receptacle occurs in the chief genera of the primitive sub-tribe. 
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The only other point of interest is the predominance of the 
setiferoas type in the Buphthalniinai where every genus shows an 
approach to this character, some with paleaceous bracts which 
surround the florets, others witli the true setiferous form, cp. 
Cynareae below. Bentham's remarks (I, 8, p. 337 sqq.) on two of 
these genera are of interest, especially as he considered the Inuleae 
to have no real affinity with the Cynareae (see Chap. I, Fig. 2) 
Geigeridf he says, has the receptacle and coiolla of the Cynareae; 
RhanterUwi is stated to have the habit of Cciitaiirea with the excep- 
tion of the ray florets. 

Cynarew. The receptacle in all hut three genera is setiferous, 
the setaj being slender, or flat and more or less paleaceous. The 
exceptions are BeranVux and Warionia, removed to the Mutisieac by 
Hoffmann, and Onopordon in the Carduiine, where the receptacle 
has foveoles or shallow alveoles with the margin more or less 
lacerate. This is so exceptional in the tribe tluit it is better regarded 
as a reversion, especially as Onopordon shows no other primitive 
characters, 

Mntisiece. The receptacle here is frequently naked or foveolate, 
paleae occur in a few small scattered genera. The condition in Trixis 
is of interest (cp. Chap. V), the receptacle is naked or fimbrillate, 
the fimbrilhe being very slender. This is quite in accordance with 
the primitive position suggested for that genus. No difference in 
the condition of the receptacle can be traced as distinguishing the 
various sub-tribes. 

Asterece, The Homochrominac and Heterochiominae show a 
scattered distribution of all the receptacular forma. The Bellidinac 
and practically all the Grangeiiue have no appendages. The 
Conyzime are naked, foveolate or fimbrillate and the setiferous form 
in addition to these appears in the Baccharidinae. 

Eupatorieie. The receptacle here is usually naked but is 
pubescent in a few genera and alveolate in Hofmeisteria, Caducous 
or deciduous paleae occur occasionally in eight genera, which are 
mostly small or monotypic. 

Helianthece, The normal condition of the receptacle in this 
tribe is paleaceous. The paleae may be broad and persistent, or 
narrow and more or less deciduous, subtending the florets : there 
may be as many scales as there are florets or, as is frequently the 
case, the scales may be reduced or absent in the centre of the 
capitulum, or as in many other cases the paleae may be narrow and 
more numerous than the florets, surrounding, not subtending, them, 
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As the Helianthese are an advanced tribe in practically every other 
character of the capitulum, it is obvious that the paleaceous 
receptacle is not the primitive character which it has been assumed 
to he by Bentham (I, 7, p. 482) and others, but is partly the 
expression of a tendency to revert to a pre-Composite ancestor 
(which tendency is present in Senecio but attains its highest 
development in this tribe) and partly the expression of the tendency 
of the foveoles to develop into the setiferous form. 

The return to the normal condition for the family takes place 
at the end of the Coreopsidinean line in the Milleriinse where palese 
are seldom present and the receptacle has normally no appendages. 
The Lagasceinae also show no appendages. All the other tribes 
have paleae either subtending or surrounding the florets in practically 
every genus. 

Helenieee. As this is one of the few tribes from which floret- 
subtending paleae are completely absent, the relationship of the 
Galinsoginae and Tagetinae requires examination. The receptacle 
in the latter sub-tribe is usually naked or flmbrillate and is alveolate 
with lacerate alveole margins in AdenopUyllnm, At least three of 
the genera of the former sub-tribe have the paleae more numerous 
than the florets and more or less connate in lacerate alveoles. As 
one of the three is Calea, the chief genus of the sub-tribe, 
corroboration of the previously suggested affinity is obtained when 
the receptacle is examined in detail. The Helenieae, therefore, are 
an end group with no paleae, corresponding to the non-paleaceous 
Milleriinae on the other main evolutionary line of the Heliantheae 
(cp. Pig. 7). The Jaumeinae and Plaveriinae have no receptacular 
appendages ; the Heleniinae have appendages only in two genera, 
long setae in Gaillardia and foveoles in some species of Hymenoxys. 
The Baeriinae are usually naked, but show all the types except the 
paleaceous receptacle. 

D. Thb Phyloobnbtic Significance of the Receptacle. 

The receptacle, like the pappus and involucre, is of doubtful 
taxonomic value, but the critical tendencies shown by the primitive 
tribe again give the clue to the phyletic interpretation of the 
variations. Taking the alveolate and setiferous types as advanced, 
the foveolate and naked forms as primitive and the receptacular 
palese when they subtend florets as reversions to a pre-Composite 
ancestor, the variations shown by the receptacle confirm in one or 
two points the previous phyletic conclusions, while the rest of the 
data are not opposed to these conclusions. 
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The Senecioninse and Setiecio are confirmed as basal ; the 
Liabinae are confirmed as the source of the Vernoniinse. The 
evidence is in favour of Ursinia being the primitive genus of the 
Arctotideae and of the position of the Gundeliinse as in Pig. 7. In 
the Inuleae the primitive position of the Gnaphaliinae and the 
Buphthalminse as the source of the Cynarese are confirmed. 

The need for reclassification of the Cichorieae and Anthemideae 
on a natural basis is again emphasised. 

The position of Trixis at the base of the Nassauviinae is 
strengthened. The position of the Heliantheae above the Senecioneae, 
the position of the Milleriinae and the derivation of the Tagetinse 
from the Galinsoginae are all confirmed. 

The receptacle, therefore, although of little taxonomic or 
phyletic value furnishes evidence in favour of the suggested origin 
of several tribes, viz., Cynareae, Heliantheae, Helenieae, Mutisieae 
and Arctotideae. 
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Chapter VIII. 

PHYLLOTAXIS OF THE COMPOSITE. 

T he vegetative part of the plant in the Compositae varies so 
markedly that it is of little use in taxonomy or phylogeny 
apart from the special vegetative organs of the capitulum which 
have been considered in Chapters VI and VII. Nevertheless it is of 
interest to consider the occurrence of opposite and alternate leaves 
throughout tlie family, as even this variable character agrees in 
several points with previous phyletic conclusions; this is done in 
Section B. In addition the phyllotaxis of the capitulum is of con- 
siderable interest and is discussed in Section A of the present 
chapter. A brief summary of the phyletic data obtained in the 
study of tlie phyllotaxis of the family is given in Section C. 

A. Phyllotaxis of the Capitulum. 

The variation of the number of the ray florets in the Compositae, 
being easily observed, has furnished a basis for much of the work on 
the significance of the Fibonacci series. 

History, For a full account of the salient features in the history 
of phyllotaxis in general, readers are referred to Church (1, Pt. I), 
Wydler (29) seems to have been the first to consider phyllotaxis 
in the Compositae in any detail and he gives the data for the capitula 
and leaves of many species. Ludwig (15-18) gives maxima for the 
ray florets at 5, 8, 13, 21 and others of the Fibonacci series. He 
used the Schimper-Bi aun accessory series to explain the secondary 
and tertiary modes observed (18). A little later Haacke (6) found 
similar monomodal variation curves, but the modes in many cases 
did not fall in the Fibonacci series and from his data he concluded 
that the number of rays florets varied with the locality and the 
nuti’ition of the plants. Haacke thus anticipated the modern work 
on place-constants and seasonal variation. 

About the same time Weisse (25) published a long account of 
the phenomenon, with a good bibliography and a summary of the 
periodicity theory as given by Ludwig. Weisse also considered the 
phyllotaxis of the disc florets, describing it in terms of curve systems 
(cp. Church). He pointed out that the rays come at the ends of 
the long curves, a capitulum with a 21 : 34 curve system has 
21 rays. He agreed with Haacke in regarding the multimodal 
curves obtained from uncultivated material as due to nutrition and 
not to the presence of true races. This same author has also given 
a brief account (26) of Schwendener’s mechanical theory of 
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phyllotaxis. Church (1, Pt. I, p. 16) remarks of this theory that 
“ it superimposes a second doubtful hypothesis on the orijjinal 
unsatisfactory one of Schimper and Braun.” 

Most of the moi e modern work agrees in finding seasonal and 
local changes in the number of ray florets, the modes not being 
confined to the Fibonacci series (see VI 13, VI 14 ; 5, 12, 13, 14, 19, 
23, 24, 27). Strickland (22) in one of the most recent notes on the 
subject returned to the concentric circles of the Schimper-Braun 
hypothesis, but was answered within a month by Henslow (11), who 
referred to his own observations on phyllotaxis (7-10). In spite of 
the variation ol)served, a monomodal curve with the mode at 21 is 
very common in the Compositae (cp. 20, 28). 

Church's woi k. This author, in addition to various notes (2-4) on 
the simpler aspects of phyllotaxis, has published the most complete 
exposition of phyllotaxis in general and of the phyllotaxis of the 
capitulum in particular (1). Some of the points explained by Church 
which are directly relevant will now be given, but as the phyletic 
value in the Compositie of these very interesting data is rather 
restricted readers are referred to the original for details. Indeed, 
for the proper comprehension of what occurs in the capitulum a 
close study of Church’s monograph is essential and all previous 
work may be regarded as more or less superficial when compared 
with that author’s fundamental exposition of the subject. 

Involucre* The involucral scales, according to Church, show 
a “ rising phyllotaxis ” and the phyllotaxis cannot, here or elsewhere 
in the capitulum, be given a real value in the fractional system of 
Schimper and Braun. In dealing with the phyllotaxis of Helianthus 
(op. cit, Pt. I, p. 25) he says “ the vegetative leaves pass gradually 
by reduction into an involucre of leaf-base scales.” The study of 
the phyllotaxis of the capitulum confirms, therefore, the theory of 
the origin of the calyculus from the cauline leaves by suppression of 
the internodes (cp. Chap. VI). 

In Helianthus the difference between the uniseriate pericline 
and the multiseriate calyculus is very distinct. Taking the case 
figured (op. cit., Pt. II, Fig. 50), the whole plant shows a rising 
phyllotaxis, from the (3 + 5) of the foliage leaves and the (8 + 13) 
of the foliage leaves and calyculus to the (21+34) of the disc. The 
transition from the (3 + 5) of the lower cauline leaves to the (8+ 13) 
of the upper foliage leaves and calyculus occurs below the calyculus 
so that the leaves of that part of the capitulum have the same 
phyllotaxis as the upper foliage leaves. The passage of the foliage 
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leaves into thecalyculus is, therefore, gradual. The passage from the 
(8 + 13) system of the calyculus into the (21+34) of the disc occurs 
in the pericline, the 21 members of which are transitional and 
subtend the 21 ray florets at the ends of the long spirals. 

In the cases mentioned in Chap. VI, B, where the calyculus 
passes gradually into the pericline the change from the lower to 
the higher curve system is not accomplished in the minimum 
number of members as it is in H^lianthns and the transition begins 
with the inner members of the calyculus and continues in the outer 
members of the pericline. The two parts of the involucre in these 
cases belong to the same curve system and appear, therefore, to 
pass gradually into each other. 



Fio. 22. Expansion system ; log, spiral scheme for the introduction of 
new paths which determine the rise of phyllotaxis ratios in the capitulum of 
Helianthus annuus from (8 + 13) to (21 -f- 34). A small capitulum is taken as a 
type ; the genetic spiral winds left ; the small amount of unavoidable error in 
the construction is admitted in the (8 -f 13) system. (Figure and legend after 
Church). 

Another case is exemplified by Cynara Scolynius (op. cit., Pt. 
II, p. 119) where the distinction between the foliage leaves and 
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calyciiliia is very marked, as is the case in most Compositae. Here 
there is one transition from the foliage leaves (3+5) to the “ outer 
involucre” (8 + 13), a second transition from the “outer involucre" 
to tlie “ inner involucre ” (21+34) and a third to the disc florets 
(55 + 89). The outer and inner parts of the involucre may be 
considered calycnlus and pericline respectively and the transition 
which occurs to give the calyculus marks off the involucre very 
deflnitely from the cauline leaves. 

These few examples will be suiflcient to show that the morpho- 
logical distinction drawn between the two parts of the involucre is 
confirmed by the phyllotaxis. 

Ray Florets. Most of the work on the phyllotaxis and 
biometrics of the capitulum has been done on the ray florets and 
one of the most interesting points in the whole of the literature of 
phyllotaxis is the geometrical construction given by Church, which 
explains the number and position of the rays. The chief points 
can be seen in Pig. 22,' — for the method of construction the reader is 
referred to the original monograph (1, Pt. II, pp. 116 sqq.). The 
method consists in adding one long and one short curve to each of 
the first 13 members of the (8 + 13) cycle and one short curve to 
the remaining 8 members of the complete cycle. 

The ray florets are marked black and it will be seen that they 
fill in the corners left by the transitional members of the involucre or 
pericline which are all more oblong than square and thus differ from 
the quasi-squares of the disc and the outer involucral members or 
calyculus. The members of the pericline are thus quite deflnitely 
indicated and it will be noted that according to this construction 
the ray florets are always more or less to one side of the sub- 
tending bract. This displacement of the floret from the median 
position is more marked with the outer bracts. It should also be 
noted that the ray florets occur at the ends of the long spirals, e.g., 
there are no rays at the ends of the short spirals marked 22, 25, 30, 
etc. Starting from the bract numbered 1 (Pig. 22) and counting 
from left to right round the lower part of the circle it will be noticed 
that the ray florets are grouped thus 2:1:2 :1:2:2:1:2:1:2:2: 
1 :2. As there are 21 long spirals there are 21 ray florets, so that 
the number and position of the rays follows from the geometrical 
construction adopted. 

' I am much indebted to Dr. A. H. Church for his kindness in lending 
me the blocks for 1‘igs. 22 24, which are Figs. 44-46 in the original, 
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That this is not merely mathematical twisting of facts to suit 
the construction can be seen from Pigs. 23-24. The occurrence of 
individual capitula with 22 rays involves abnormalities in the system 
and such a case is shown between the bracts numbered 21 and 34 
in Fig. 24 (cp. Fig. 23). 



Fid. 23. Heliiinthus 
anniiHs. Section of a 
young capitulum, lOmm. 
in diameter: cam. lucid, 
drawing of lialf the disk 
(Figure and legend after 
Church.) 


Similar figures can be drawn for heads with 13, 34 or more 
rays and are widely different from the artificial figures given by 
Schwendener and Strickland. 

Disc Florets. The theoretical arrangement of the disc florets 
according to the (21 +34) curve system is illustrated in Fig. 22, but, 
just as rising phyllotaxis characterises the involucre, so falling 
phyllotaxis characterises the centre of the capitulum. The spirals 
of the (21+34) system are true to nature up to a point where the 
size of the floret requires some accommodation in the arrangement. 
This is necessary because all the florets mature more less simultan- 
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eously and are of similar dimensions, whereas tlie space for each 
floret in the geometrical system grows gradually smaller. 

The fall does not appear to take place with the same regularity 
as the rise, but the Fibonacci ratios occur and mark positions of 
relative stability in the progress of the fall. The 21 long spirals 
continue, but the 34 short spirals become approximately 13; these 
would become the long spirals of the (13 + 21) curve system of the 
centre. 



Fig. 24. Curve-tracing 
of the prccetiing . the ray 
florets are blocked in and 
the areas numbered in 
agreement with the 
theoretical construction 
of Fig. 22. (Figure and 
legend after Church.) 


In the upper half of Pig. 24 a tendency to the same 2 : 1 : 2 : 1 : 2 
arrangement of the spirals as occurs in the rising phyllotaxis can 
be seen. Church gives photographs of capitula in which the falling 
phyllotaxis of the centre of the disc is more distinct, hut observations 
can be made with most facility on actual fruiting heads of the 
sunflower and more than one “ falling transition can sometimes 
be distinguished. 
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Bijugate Types. In the normal Fibonacci phyllotaxis a single 
genetic spiral can be traced. This, however, is quite a subjective 
phenomenon. Other cases occur with two or more genetic spirals 
and these are described as bijugate or multijugate. Where the 
capitula are bijugate the phenomenon usually extends to the 
vegetative parts and the leaves then occur in pairs which may or 
may not decussate. 

This bijugate phyllotaxis is amenable to the same geometrical 
treatment by means of curve systemsof the series 2(5+8) or (10+ 16) 
etc., (cp. 1, Pt. II, p. 166). Bijugate systems occur rarely in 
Heltaiiihns annuus and are also normal in the terminal capitula of 
some species, e.g., Silphium perfoliatunif where the lateral capitula 
sliow the normal Fibonacci phyllotaxis. Other cases in the 
Compositae which are sometimes bijugate are Aniicai Spilanthes 
and Ziunia. 

B. Phyllotaxis of the Leaves. 

Wydier (29) and Reinecke (21) give numerous data of the 
phyllotaxis of the vegetative parts of the plant. Cassini (I, 18) 
confined his attention with very excellent results to the floral 
characters of the family. Bentham (1, 7) gives a short and not 
very accurate analysis of the distribution of alternate and opposite 
leaves in the various tribes. 

That opposite leaves are primitive in the Dicotyledons is fairly 
obvious from the condition of the embryo and is proved by 
Henslow (8). The addition of one extra member, giving a (2+3) 
system instead of a (2 + 2) system is considered by Church to take 
place very readily, so that an alternate phyllotaxis probably arose at 
an early stage in the history of the Dicotyledons (cp. Henslow, 
loc, cit). 

The fact that opposite leaves are primitive for the Dicoty- 
ledons is, therefore, quite irrevelant, and the evidence within the 
Compositae is in favour of alternate leaves being the primitive 
condition for the family. The probable origin of the Compositae 
from the Lobelioideae, where the leaves are practically always 
alternate, furnishes further evidence. 

As the distribution of these two types of phyllotaxis follows 
the general phyletic lines already laid down, a brief account of the 
variation will add to the cumulative effect of the evidence for these 
phylogenetic conclusions. 

As before, the Senecioninae show the primitive type (alternate) 
with variation showing reversion to the type which doubtless was 
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primitive in a very distant ancestor. Opposite leaves occur in 
Arnica^ Gynoxys and Haploesthes^ which are close relatives of 
Senecio. The Liabinae have alternate leaves in two genera and 
opposite leaves in the others. The other genera of the Senecioneae 
are all alternate with the exception of Raillardia where the 
phyllotaxis varies. 

The Cichoriese are without exception alternate. The Calen- 
duleae are almost all alternate, but Triptens and Osteospermum show 
opposite leaves occasionally. A similar condition occurs in the 
Arctotideae, where Berkheya and Didelta in the Gorteriinae have 
opposite leaves in a few species. As the Arctotidinas are primitive 
this occurrence of opposite leaves in the Gorteriinag is one small 
piece of evidence in favour of that phyllotaxis being atavistic in the 
Compositae. 

Alternate leaves are the rule in the Anthemideae but at least 
six genera, mostly monotypic, are opposite-leaved. 

In the Inuleae opposite leaves occur occasionally or always in 
one or two genera in each of the sub-tribes, Gnaphaliinae, Angian- 
thinae, Relhaniinae, Athrixiinae and there are no exceptions to the 
alternate phyllotaxis in the other five tribes, including the Buphthal- 
minae and Plucheinae. This fact is of interest as there is also no 
exception to the alternate phyllotaxis in the Cynareae, another 
small point which adds its quota to the evidence for the derivation 
of the Cynareae from the Buphthalminae or Plucheinae. 

The distribution in the Mutisieae also supports the idea of the 
opposite phyllotaxis being atavistic. It is absent in the primitive 
sub-tribe, Nassauviinae and occurs occasionally in one genus of the 
sub-tribes, Gerberinae, Onoseridinae and Barnadesiinae and in two 
genera of the Gochnatiinae. 

The occasional appearance of opposite leaves in the Vernoniinae, 
including Vernonia^ is in accordance with the predominance of that 
character in the ancestral group, Liabinae. 

At least nine genera of the Eupatorieae have always alternate 
leaves ; in at least eight others, including Eupatorium^ the upper 
leavesare sometimes or always alternate, while the lower leaves are 
opposite. The other genera, about fifteen, are always opposite* 
leaved. This condition makes the examination of the Astereae 
interesting. There alternate phyllotaxis is the rule with no 
exceptions in the Conyzinae and Bellidinae. In the Homochrominse 
opposite leaves occur occasionally in Pentachcete^ Lepidophyllum 
and in most of the species of Pteronia (cp. Hutchinson, VI, 9). In 
one genus each of the Grangeinae and Baccharidinse the leaves are 
rarely sub-opposite, in the Heterochrominae the leaves are rarely 
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opposite in Olearia^ and the normal condition with opposite lower 
leaves and alternate upper leaves in Amelins is particularly interest- 
ing in view of the probable origin of the Eupatoriese from the 
Heterochrominae. 

The Heliantheae although advanced in all their floral characters 
show atavistic tendencies in the phyllotaxis as well as in the 
receptacle. Most of tlie Verbesininae show opposite phyllotaxis 
either entirely or only in the lower leaves. About a dozen small 
genera are always alternate throughout. Alternate leaves are the 
rule with a few exceptions in the Ambrosiinae and Petrobiinae. 
Opposite leaves are the rule with a few exceptions in the Lagasceinae, 
Zinniinae, Milleriinae and Coreopsidinae. About two-thirds of the 
Melampodiinae are opposite, the rest being alternate (cp. the 
Milleriinae line in Fig. 7). The Madiinae are alternate without 
exception and the condition in the Galinsoginae is of particular 
interest. Here, as in the Heleniieae, about half of the genera show 
one type and the other half the other type. 

The detailed distribution in the Helenieae is also of interest ; 
the two types occur in almost equal proportions in the Tagetinae 
and Baeriinae; opposite leaves are the rule with one exception in 
the Flaveriinae and alternate leaves the rule without exception in 
the Heleniinas, cp. Fig. 7. 

C. Phylogenetic Significance of Phyllotaxis. 

The study of the detailed phyllotaxis of the capitulum yields 
several important phyletic data ; the calyculus is proved to be more 
akin to cauliiie leaves than to the periclinal bracts; the distinction 
drawn between these two parts of the involucre in Chap. VI. is 
upheld ; the number and position of the ray florets is proved to be 
primarily dependent on the bracts of the pericline; the uniseriate 
type of ray is seen to be the primitive condition in radiate capitula, 
but the balance of the evidence is still in favour of the discoid 
capitulum being primitive for the family. 

The analysis of the phyllotaxis of the leaves in so far as 
they are opposite or alternate supplies phyletic evidence which, 
although of no great value, is of considerable interest in that it 
follows in some detail the phyletic lines already elucidated. 

The most interesting points are noted in Sect. B so that it is 
only necessary to direct special attention to the phyllotaxis of the 
Senecioninae, Liabinae and Vernonieae ; the Nassauviinae and the 
rest of the Mutisieae ; Buphthalminae and Cynareae ; the Heterochro- 
minae and Bupatorieae ; the Galinsoginae and Tagetinae ; and the 
marked atavistic tendency in the Heliantheae which is in accordance 
with the other atavistic tendencies in that tribe. 
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Chapthk IX. 

FRUIT DISPERSAL IN THE COMPOSIT/E. 

A LTHOUGH there is a considerable variety of fruits in the 
family which are dispersed by animals, the chief dispersal 
mechanism is the pappus. The structure and evolution of this 
organ is dealt with in Chap. V. Its efficiency as a dispersal 
mechanism has been questioned by a number of observers and 
experimenters ; it was considered necessary, therefore, to investi- 
gate the problem experimentally, and the method and results are 
given in Section B of the present chapter, after the brief account 
of previous records in Section A. As the experimental results are 
somewhat at variance with accepted views the hydrodynamics of 
the simplest case are discussed in Section C. The bearing of the 
results on the problem of the development of the family is indicated 
in the last section of the chapter. 

A. Histoky. 

The dispersal of seeds and fruits has been the subject of 
many observations. The literature of the subject was dealt with 
by Hildebrand (V, 32), and again by Hemsiey (23). A further index 
of the literature from 1873 to 1890 is given by MacLeod (27), and a 
more recent bibliography by Sernander (33), who refers to Linne’s 
Oratio de telluris habitabilis iucremento of 1743 as the beginning 
of the study of plant dispersal. As there is a readily available 
account of the general phenomena with a good bibliography by 
Praeger (30) only special points will he mentioned. 

Cassini (8) was one of the first to consider fruit dispersal in 
the Compositae, and he differentiated eight methods by which the 
fruits are liberated from the capitulum. De Candolle (II) gave 
details of many species, and pointed out that many wide-spiead 
species have no pappus. He formed the opinion that the pappus 
was effective as a means of dispersal for short distances only, i.e., 
up to half-a-mile. Hildebrand (V, 30) considered the various modi- 
fications in the fruit in relation to their dispersal, and gave 
examples from the Compositse in his general treatise, and also in 
a previous account of hooked fruits (V, 31). Bentham gave a short 
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general account (I, 7, p. 572), but laid great stress on the colonising 
powers of the Compusitae apart from their dispersal mechanisms. 
Wallace (41) explains the anomalous distribution of certain Com- 
positae by their “great powers of dispersal,” and in Chap. XXill 
gives some details of the general migration from north to south 
along the mountain ranges. More recent observations by Guppy 
(21-22) and Praeger (30) emphasise the importance of ocean 
currents and birds as means of dispersal. 

A curious point is raised in the consideration of the dispersal of 
the radiate variety of Senecio vulgaris. Professor Trow informs me 
that although it is possible that the radiate character was introduced 
into Great Britain from the Channel Islands it would be more correct 
to speak of the spread of the character “ radiate” than of the radiate 
variety. The records of radiate groundsels are records of the 
character but are not necessarily records of the same variety. 

Dispersal by Animals, 

Dispersal by birds for comparatively long distances is given 
by Darwin (II, 16), Wallace (41), Hemsley (23), Guppy (21), 
Praeger (30) and others. The fruits during dispersal may be 
either inside the bird (in the crop or elsewhere) or outside the bird 
amongst its feathers or among the mud which occasionally adheres 
to the feet. 

Adherence of the fruit may be obtained by glandular structures, 
as in Adenostemma, Siegesheckia and Wulffiaiy,2Q\ IV, 98) or 
by mucilaginous pericarps, as in Riitidosis (V, 14), Chrysanthemnin 
Fontanesii, Ruckeria and Trichodine (V, 32), and also in Chrys- 
anthemum multicaule as observed by the writer. Adherence may 
be obtained also by hooks, as in many genera ; the hooks being on 
the involucre, as in Arctium and Xanthium, or on the pappus, as in 
Bidens. These cases and several others are mentioned by De 
Candolle (11), Hildebrand (V, 30-32), Kronfeld (VII, 3), Huth 
(V, 41) and others. 

Dispersal by man has been mentioned only in passing by most 
botanists, but is the subject of a paper by Thellung (34) who 
mentions a number of Compositse which have been dispersed as 
weeds or as horticultural plants. This rather neglected branch 
of fruit dispersal is most interesting on account of the many 
traditions with which it is connected, such as the reputed introduc- 
tion of “Stinking Willie” {Senecio Jacobaa) into Scotland in 
the fodder of the German cavalry used by William, Duke of 
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Cumberland. Such material is, however, pabulum for the philo- 
lojjist and archaeologist rather than the botanist. 

Dispersal by Water. 

Among the first observations of fruit dispersal in the Com- 
positae is a series of experiments by Hoffmann (24) on the floating 
powers of a number of species, most of which sanU within twenty 
days. De Candolle (11) and Hemsley (23) give rivers and ocean 
currents as agents which disperse fruits to great distances, but no 
case of such dispersal in the Compositae is quoted, although 
dispersal on floating logs and icebergs, as mentioned by Darwin 
(11, 16) and Guppy (22), is quite possible. Kronfeld (Vll, 3) showed 
that pappus fruits such as those of the dandelion float much 
longer with the pappus attached, even when it is closed. The 
closed pappus usually surrounds an air bubble whicb assists in the 
flotation. 

In the case of Krakatau (15) some of the species of Wedelia 
and possibly also those of Conyza and Blnniea were transported by 
ocean currents, and in the somewhat similar case of Taal Volcano 
(19-20) Wedelia bi/lora and Eclipta alba most probably arrived by 
water. The latest addition to the meagre list of water-dispersed 
Compositac is Ambrosia crithmifolia^ which is given by Guppy (22) 
as transported on drifting logs. 

Dispersal by Wind. 

The pappus has usually been regarded as an efficient mechanism 
for dispersal by wind, and there have been many general observa- 
tions of the structure on this account, such as those of Hildebrand 
(V, 30-32), who also mentions cases (V, 30) of wind dispersal of the 
whole capitulum where the involucral bracts act as wings. Kronfeld 
(VII, 3) considered that in the case of Tragopogon pratensis the 
lateral cilia of the setae produce a structure which acts as if it were 
a continuous membrane. Taliew (V, 65), Steinbrinck (V, 64), 
Hirsch (V, 33), Frieb (18) and others have noted the biological 
significance of the hygroscopic movements of the setae and involucral 
bracts, dispersal being favoured by dry winds and prevented by 
moist winds. 

Poerste (17) mentions a curious addition to the dispersal 
mechanism in Ambrosia trifida. The achenes are beaked, with five 
short protuberances at the base, and five or six strands of ice have 
been observed attached to these on frosty mornings; as these 
“ ice-curls” were IJ to 3 inches long Poerste suggests that they aid 
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the wind dispersal of the fruits. Another curious l)ut better known 
anomaly is the dispersal meclianism of Parthenium hysterophorus. 
Here the bracts enclosing two male florets are attached to the 
top of the achene of each female floret, and these bracts with 
the withered male florets enclosed act as wings. 

The mechanics of the pappus have been considered by 
Dingier (12), Praeger (30), Mattel (28) and Dandeno (9), who all 
regard the mechanism as a simple parachute. 

Apart from these general observations there is the controversial 
question of the distance to which a pappose fruit can be dispersed 
by the wind. De Candolle (11), although he regarded the wind as 
“ la cause la plus g^i^rale et la plus ordinaire de dissemination 
des espSces sur toute la surface d’un pays,” maintained that there 
was no evidence for the transportation of seeds over even narrow 
arms of the sea. He was, moreover, sceptical about the records of 
grains of sand, etc., being blown for long distances by tbe wind. 
Bentham (I, 7) also considered that a few miles was the limit for 
the dispersal of pappose fi uits even by strong winds. Kerner (25), 
and more recently Beauverd (1), have shown that in the Alps 
pappose fruits are raised to a considerable heiglit, but they both 
consider that all such fruits fall when the upward current fails in 
the evening, and that they come to rest very close to their starting 
point. 

Praeger (30), with whom Guppy (22) agrees, calculates from 
the rate of fall in quiet air that many pappose fruits would 
require an initial elevation of about one mile before they could 
be blown to a distance of fifty miles by a wind of 50 m.p.h. Heavier 
fruits would require a still greater elevation according to Praeger. 
Willis, although he states (IV, 94) that the Orchids and Compositae 
are best suited for long distance dispersal, and considers that wind- 
carried seeds arrive more frequently than other Angiosperms on 
hill-tops, maintains as a result of his observations on hill-top floras 
(43-45) that such cases of long distance dispersal are rare even in 
the Composite, and that “ we have little evidence to show that it 
occurs for instance between one continent and another." 

In spite of the objection of lack of evidence for long distance 
dispersal which is raised repeatedly by the above-mentioned 
authors, the positive evidence for such dispersal makes a longer 
list, and has secured more adherents than the view of the opposi- 
tion? Wallace, for instance, in his “ Island Life " says, “ we are as 
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sure that seeds must be carried to great distances as if we had 
seen them so carried,” and he furnishes a very good argument 
against the negative observations of De Candolle (who relied 
chiefly on the statements of the sailors that they had seen insects 
but not seeds blown long distances out to sea), and Kerner (who 
examined some part of the surface of a glacier but found no seeds 
other than local species). Wallace points out that if* every year a 
million seeds were brought by the wind to the British Isles from 
the continent, this would be only ten to a square mile, and the 
observation of a life-time might never detect one ; yet a hundredth 
part of this number would serve in a few centuries to stock an 
island like Britain with a great variety of continental plants.” He 
also notes that the arrival of seeds and colonisation are different 
matters ; seeds arriving on ground already fully occupied would 
require more than a wind-dispersal mechanism to enable them to 
compete successfully with the established inhabitants. 

Beccari (2) gives evidence for tbe dispersal of seeds for 
distances of 1000-2000 miles, e.g,, Nepenthes ampullaria from 
Ceylon to the Seychelles, but does not mention any special 
Compositae. Similarly Engler (14) gives fourteen species of 
Angiosperms as transported by wind to the Sandwich Islands, 
but excludes the Compositae on account of the width of sea to 
be crossed. Warming (42) also supports wind-dispersal to a 
distance of at least sixteen miles for quite heavy fruits. The 
distance is increased by Vogler’s observations (38-40), but this 
author points out that, although wind-dispersal of seeds is possible 
up to 100 kilometres, more importance is to be attached to such 
dispersal for 3-20 kilometres and to the possibility of dispersal 
over high mountain ranges. Kronfeld (26) considers the rapid 
dispersal of various introduced Composites to be due to the 
efficiency of the pappus. Ridley (31) also considers that plumed 
fruits *' can at least occasionally cross successfully large areas 
of sea,” but points out that dense forests present an obstacle to 
the free dispersal of pappose fruits. Further confirmation of the 
efficiency of the pappus is given by Bessey (6). Schimper (32, 
p. 80), after giving the views of De Candolle and Kerner, quotes 
the case of Krakatau as evidence of wind-dispersal for twenty miles 
over the sea, and considers that “ the significance of anemophilous 
means of dispersal in relation to the origin of an insular flora has 
been finally determined by Treub’s important observations.” 

The case of Krakatau is of special interest since, of the eight 
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angio8|>ermou8 species found by Treub (36) in the interior of the 
island and not on the strand three years after the eruption, four 
species were Composites: Wollastonia {=Wedelia) Conyza 

angnstifolia, C. indica and an unidentified species of Scnecio. In 
the absence of other evidence it is at least possible that this 
*^Seuecio*' of Treub was Emilia soncliifolia^ which is very like a 
Seuecio, and which was found by Penzig (29). No Senecio was 
found by eitlier Penzig or Ernst (15). The former found five and 
the latter eight Compositae, of which Blnmea halsamifera and 
Venionia cinerea were found by both and Emilia sonchifolia 
only by Penzig in 1897, fourteen years after the eruption. 

These three species are particularly interesting as they occur 
again in the list of ten species of Compositae found by Gates (19) 
on Taal Island (in Bombon Lake, Luzon) about three years after 
an eruption there which denuded the island of vegetation. The re- 
vegetation was naturally more rapid than on Krakatau as the source 
of the seeds wasabout 6 km. instead of about 18 km. distant. In both 
cases a number of Composites were strand plants, evidently dispersed 
by ocean currents, but on Krakatau four species of Compositae were 
undoubtedly transported by the wind, and at least seven species on 
Taal were probably wind-borne, two {DInmea sp. and Pterocanlon 
cyliudyostachyum) occurring only on the crests of mountain ridges 
and the other five elsewhei e in the interior. 

The evidence from Krakatau is, therefore, confirmed by th,e 
observations on Taal Island, and there remains no doubt whatever 
of the usual dispersal by wind of a number of Compositae to distances 
of 4-20 miles and the occasional dispersal of pappose fruits to 
distances of over 100 miles. 

B. Exphrimkntal Wind-Dispehsal. 

There is apparently no record in which wind of a known 
velocity has been used in the experimental dispersal of pappose 
fruits; all the experiments have been done on the rate of fall in 
quiet air. It is, therefore, considered advisable to give some details 
of the apparatus and method used in the present investigation. 
The apparatus and method were demonstrated to Sect. K of the 
British Association in 1916, and to the Linnean Society in the same 
year (33a). 

Apparatus. 

The source of the wind was an electric fan (Pig. 25, A) 
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attached to a small motor B ; by means of different resistances 
the speed of the fan could be varied. In the results fjiven below 
Speed 1 is the slowest and Speed 4 the fastest. A wooden guai d 
F, covered on one side with a net, suri ounded the fan. 

The fruits were blown through a glass tube C. As it was 
found that the wind eddied at the near end of the tube, a hole D, 
2 cms. long and 1 cm. wide, was cut in the tube at a distance of 
5 cms. from the end ; through this hole fruits were dropped. As 
the whole length of the tube was 132 cms., this gave 125 cms. as 
the length for dispersal. A two-meter rule E was used, but as it 
was placed against the net 3'5 cms. were added to the readings to 
get the distance from the boss of the fan. This accounts for the 
constant occurrence of this number in the figures given below. 

Anemometer . — The wind pi essure was measured by means of 
an anemometer designed for the purpose. The ordinary rotating 
anemometer is empirical and not accurate for slow speeds (cp. 7), 
and further it was more important to obtain a measure of the pres- 
sure of the wind on a surface somewhat similar to that of the 
pappus than to obtain an empirical measure of the velocity of the 
air moving through the tube. 

The anemometer (see Fig. 26) consists of a thin circular disc 
of till A against which the wind impinges. The disc is accurately 
balanced by a ball of solder B on the other end of the top of the T 
beam. The horizontal part C of the beam is a thin steel rod, 
soldered to a flat strip of tin which forms the vertical part D of 
the T. At the base of D are a needle indicator E and a small 
hook F, The whole of the T beam is accurately balanced by 
means of solder on the back of D, so that when balanced on the 
watch-wheel fixed to D at G it remains in any position in which it 
is placed. In the instrument this T beam is balanced by the steel 
axis of the watch-wheel on adjustable agate edges at H and K. It 
is therefore free to move in any direction with a negligible friction 
when acted upon by a small force. 
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Fio. 26. The Anemometer. 


The pressure of the wind on A is balanced by weights placed 
on a scale pan L. The scale pan is a small glass microscope cover- 
slip, hung by thread ovei- a pulley M ; the thread is attached to the 
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hook P, The whole apparatus then acts as a simple mechanical 
couple. The hook P is the same distance from the fulcrum G as 
the top of the T beam, so that the weight on the scale pan and the 
weight of the thread, together with tliat of tlie scale pan itself, 
give a direct measure of the total pressure on the disc A. The 
pulley M has practically no friction, being a small brass wheel 
runniiYg on steel needle points. These needles N and O are 
adjustable, and when in proper condition the wheel runs for quite 
half a minute with no sound when given a slight touch. This 
practically frictionless pulley and the axis at G, which is balanced 
on sharp agate edges, are the only two points at which friction 
might cause an error. 

When in use with the tube the disc of the anemometer was 
inserted a short distance into the tube, and as the diameter of the 
disc is 3'3 cms., and that of the tube is 4‘5 cms., the conditions 
were very similar to those under which the fruits were acted upon 
by the wind. The almost complete absence of friction and the 
accuracy of the instrument are both proved by the fact that in a 
wind sufficient to balance the weight of the scale pan and thread 
the placing of a weight of -Ol gms. on the scale pan brings the beam 
as far out of the vertical as the construction of the stand will allow. 
An accuracy of ’001 gms. is certainly not too much to claim for 
the instrument. 

The smallest weight which it is possible to use is ’16 gms., 
this being the weight of the scale pan and its suspending thread. 

Structure and Properties of the Wind Used. 

The strength of the wind produced by the fan varied with 
the four speeds as above mentioned, and the strength of the wind 
entering the tube could be controlled further by moving the tube 
away from or towards the fan. The tube was kept carefully aligned 
with the centre of the fan. 

Smoke was passed through the tube and no marked rotatory 
movement was observed ; the smoke passed straight through, never 
twisting through an angle of more than 90". Close to the inside 
surface of the tube it was retarded and continued to come out for 
some time after the central mass had passed. The region of 
retardation was very narrow compared with the width of the tube. 
It is clear, therefore, that the wind is more or less horizontal with 
a straight movement through the tube. 

The structure of the wind was further investigated by means 
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of the anemometer, and it was found that there was a hollow cone 
of relative calm near the centre of the fan with Speed 4; this cone 
extended about 10-15 cms. from the boss of the fan. Beyond 20 
cms. the wind had a steady horizontal pressure, and with lower 
speeds no cone of calm could be detected. 

It was further found that the pressure of wind in the tube 
at the end furthest from the fan was practically the same as the 
pressure obtained without the tube and with the anemometer 
130 cms. nearer the fan. 

As it was not possible to measure all the variations of 
pressure obtained the relation of the pressure of the wind to the 
distance from the fan was examined. A series of measurements 
of the pressure with the tube at various distances from the fan showed 
that within the limits of the experiments the pressure of the wind, 
except for Speed 4, varied approximately inversely as the distance 
of the near end of the tube from the fan. The measurements and 
ratios are given in Table IX. It is possible, therefore, to calculate 
from a few measurements the pressure at any given distance. 


Table IX. 


Speeds of Fan. 

Distance of Tube 

Pressure on Disc 
as measured. 

Ratios 

Speed 1. 

26*5 cms. 

•18 gms. 

10 ; 1*125 

M 

30-5 „ 

•ir, „ 

1*150 : 10 

Speed 2. 

29*5 cms, 

*36 gms. 

10 : 2.26 

1 » 

44-5 

•26 „ 

1*5 : 1.6 

» » 

75*5 „ 

•16 „ 

2*5 : 1*0 

Speed 3. 

i i 

26*5 cms. 

■56 gms. 

1*0 : 3*5 

40-5 „ 

•36 „ 

1*6 : 2*25 

t y 

63 5 „ 

•20 „ 

2.4 : 1*0 

t» 

103*5 „ 

•16 „ 

3*9 : 10 

Speed 4. 

28*5 cms. 

•50 gms. 

1*0 : 3*1 

9 9 

87*6 

•25 „ 

3*0 : 1 6 

M I 

144*5 „ 

■16 „ 

5*0 : 10 


Since within the limits of the experiments P=kV, where P 

p 

is the pressure, V the velocity and k a constant, The 

constant k in these experiments is taken as *0025 gms., which is 
the pressure on one sq. cm. of a wind with a velocity of one m.p.h.‘ 

' This is calculated from the constant given by Berget (4), velocity of 
1 metre per second = pressure of 125 gms persq, metre. This flgure is also 
approximately the same as the theoretical pressure calculated from the 
density of the air. 
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In this way the velocity of the wind used in each experiment can 
be calculated from the pressure such a wind has upon the disc of 
the anemometer. 

Constants — 

Diameter of Tube=4‘5 cms. 

Length of Tube for Dispersal=125 cms. 

Area of Disc of Anemometer=8‘55 sq. cms. 
k=’0025 gms. 


Method. 

The essence of the experiments lies in dropping the fruits 
through the hole D in the tube and determining tlje maximum 
amount of wind which has no effect on tlie fruit when it has once 
fallen, and also the minimum amount of wind which blows the fruit 
right through the tube. Preliminary experiments showed that the 
relative humidity of the air had an effect on the results, so that the 
R.H. was determined at the time of each set of observations. As 
the general phenomena are very similar for each species one 
example will now be given in detail. 

Taraxacum officinale, Weber. — The same fruit, an average 
one, was used throughout the experiment. It was manipulated 
with tweezers and inserted through the hole into the tube. Two 
or three observations were taken with the tube at each of the 
several distances from the fan, the distance being measured from 
the heavy end of the fruit in each case. The results are given in 
Table X. The Relative Humidity was *77; the pappus spread 
out to form a flat disc-liUe surface by means of a pulvinus of the 
Lactuca type (see Chap. V, A). The lowest speed of the fan was 
used throughout the experiment. 

In Table X the first column gives the distance from the fan 
of the near end of the tube. Prom these measurements the pres- 
sure on the disc is calculated from the observed pressure of '16 
gms. at 30'5 cms. (cp. Table IX ) ; this pressure is given in gms. per 
sq. cm. in the third column. The velocities calculated from the 

p 

observed pressure, taking k='0025 gms. in the formula 

are given in the fourth column. These figures are calculated to 
the second decimal place, but under the conditions of the experi- 
ment the accuracy of the results is scarcely of that degree. The 
main point is that they are very much less than would be the case 
if the mechanics were simply those of a body falling in quiet air. 



Experimental Wind Dispersal. 165 

Table X. 


Distance of tube 
from fan. 

Distance fruit 
was blown. 

13*5 cms. 

out immediately. 

23*5 ,, 

»» » I 

33-5 ,, 

M »» 

43-5 „ 

n 

53 5 „ 

)) M 

63*5 

out, touched. 

735 „ 

»» ft 

83*5 „ 

ft u 

93-5 „ 

out slowly. 

103*5 ,, 

out, more slowly. 

l]3-5 ,, 

39-72 cms. 

123*6 „ 

24-30 „ 

133*5 ,, 

18-30 „ 

143*5 ,, 

17 22 „ 

153*5 ,, 

15-18 ,, 

163*5 „ 

11-13 „ 

173 5 „ 

914 „ 

183*5 ,, 

6-7 ,, 

103*5 ,, 

5-9 „ 

203*5 ,, 

4-6 ,, 

213*5 ,, 

3 4 ,, 

223*5 ,, 

2-3 ,, 

238*5 ,, 

2 4 ,, 

243*5 ,, 

0-4 ,, 

258*5 „ 

0-3 „ 

2()3*5 ,, 

1-3 „ 


Pressure on disc in 
gms. per sq. cm. 

V'^clocity equiva- 
lent in m.p.h. 


4*11 


3 11 

*0168 

2*59 

•0132 

2*29 

*0107* 

2.06 

*0090 

1*84 

*0078 

1*76 

•0068 

1*64 

*0061 

1*56 

•0055 

1*48 

•0051 

1*42 

•0016 

1*35 

*0043 

1*31 

*0040 

1*26 

*0037 

1-21 

*0035 

118 

•0033 

1*14 


1 11 


107 

*0028 

105 

*0026* 

1*01 

•0025 

1*00 

*0024 

*98 


•95 


•93 


•91 


Table X. Observations on Fruit Dispersal of Taraxacum 
OFFICINALE. FoY explanation see text. 

Between the point at which the fruit was blown through the 
tube with no stop whatever and the point at which the fruit was 
not moved when once it had fallen there was an interesting transi- 
tion region from 63*5 cms. to 173*5 cms. in which the fruit was 
blown along in jumps. 

Up to 53*5 cms. the fruit was blown straight through, and as far 
as could be seen did not touch the tube at all. Prom 63*5 cms, to 
103*5 cms. the fruit was blown along trailing with its tip just 
touching the tube or in a few long jumps. There was sometimes a 
distinct interval between the jumps, during which the fruit 
remained lying quite still or showed only feeble signs of move* 
ment. This period of rest indicates slight changes in the pressure 
of the wind, but these were so slight that they are for the present 
negligible. 

The time taken by the fruit to reach the end of the tube 
increased considerably from 93*5 cm. to 103*5 cms., and after that 
only five minutes were allowed to elapse between inserting the 
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fruit and taking the reading. Prom 113*5 cms. to 173*5 cms. the 
jumps decreased in length, and after 213*5 cms. the fruit lay where 
it fell with no further movement. 

As the rate of fall in quiet air|is about 1 m.p.h. and the wind 
after 173*5 cms. is about 1 m.p.h. the fruit would be carried a 
distance equal to that of the fall, if the wind had no other effect 
than that claimed by Praeger. The diameter of the tube is 4*5 
cms. and the length of the fruit about l_cm., so that the distance 
of the fall is about 3*5 cms. It will be noticed in Table X that 
203*5 cms. is the last point at which the fruit is carried to a distance 
which is greater than the diameter of the tube. The next reading 
gives a distance of 3-4 cms., and at this point it can be assumed 
that the fruit falls as it would in quiet air. There is considerable 
irregularity in the readings when the wind falls below 1*2 m.p.h. 
and all that is claimed as really accurate is that a wind of more 
than 1*01 m.p.h. blows the fruit further than it would do if it had 
only the effect of mass transport at the speed of the wind as 
suggested by previous investigators. Below 1*01 m.p.h. the distance 
travelled by the fruit varied from 0 to 4 cms. 

The two points to which particular attention has been paid 
are : — 

1. The least wind-pressure necessary to blow the fruits right 
through the tube with no stop and without the fruit touching tne 
tube in any way ; this is referred to as the critical pressure A. 

2. The highest wind-pressure which could be used without 
moving the fruit once it had fallen ; this is referred to as the 
critical pressure B. 

These two points are marked in Table X at *0107 gms. per 
sq. cm. and *0026 gms. per sq. cm., and their significance is discussed 
in Section C. Other fruits are examined more or less in the same 
way, and the results are summarised below. 

Senecio vulgaris, L. Material collected in the open; the 
R.H. was *77. 

Critical Pressure A — *0055 gms. per sq. cm. 1*48 m.p.h. 

Critical Pressure B — *0035 „ „ 1*18 „ 

Senecio vulgaris, L., var. radiatus erectus. Trow. — Authentic 
material for which I am indebted to Professor A. H. Trow. It was 
found that whereas the pappus remained expanded in the air after 
being dried in a warm tube with the R.H. as high as *75, it closed 
at once when taken out of the tube with the R.H. *80. Several 
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fruits were used, and it was found that between *66 and *73 the 
relative humidity had no effect on the wind-pressure required. 

Critical Pressure A — *0078 gms. per sq. cm, 1*76 m.p.h. 
Critical Pressure B — *0046 „ „ 1*35 „ 

It will be noticed that in both cases the figures are higher than 
those for the previous material. The fruits were plumper in the 
variety, hut the pappus had about the same development in each. 
The pulvinus in these two cases is the Lactuca type ; the pappus 
hairs are setose-scabrid as in the dandelion, hut the pappus is 
sessile, not stipitateas in the latter fruit, and spreads at an angle of 
about 45® with the axis of the fruit, not at right angles to give a flat 
surface as in Taraxacum. 

Tussilago Far/ara, L. — This was taken as an example of the 
simple setose pappus with a Tussilago type of spreading (seeCliap, 
V, A), As most of the ‘fruits’ are sterile with empty pericarps care 
was taken to choose mature fertile fruits, which were obtained in 
the open. The pappus was too large for the hole in the tube, so 
the fruit was inserted to a distance of 6 cm. before being liberated. 
With the R.H. *78 01 * below drying was unnecessary as the pappus 
expanded spontaneously under these conditions. 

Critical Pressure A — *00087 gms. per sq. cm. *59 m.p.h, 

Critical Pressure B — *00081 „ „ *57 „ 

It will be noted that the two critical points are very close 
together. The behaviour of the coltsfoot fruit was peculiar. So 
slight is the wind necessary for its dispersal tliat jiersons walking 
along the room made sufficient wind to blow the fruit right through 
the tube. Special care was taken, therefore, to carry on the 
experiment on a still day with no one moving in the room at the 
time of the reading. 

It was found that with the fan at the lowest speed, and the 
tube 658*5 cms. away, the fruit was blown right through the tube 
sometimes with, sometimes without, pauses. At a distance of 703*5 
cms. the fruit remained motionless for about five minutes and then 
moved a distance of 5-40 cms. The critical pressure B is therefore 
too high, but it was not possible at the time to carry the experimen 
further, as a complete absence of external currents of air is neces- 
sary for the accurate determination of the constant in this case. 

Centaurea imperialis, Hausskn. — This was taken as an example 
of a heavy fruit with a pappus of numerous paleaceous setae. The 
spreading of the pappus is accomplished by means of a pulvinus to 
each seta, the Cirsium type of Taliew (see Chap. V, A). As 
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mentioned previously (Chap. V, A) the pappus is sensitive to a 
difference of *03 in the R.H., opening spontaneously at R.H. ‘15 
and closing at R.H. *78 when opened by artificial drying. The tliird 
speed of the fan was used. 

Critical Pressure A — ‘1318 gms. per sq. cm. 7'2 m.p.h. 

Critical Pressure B — ‘0232 „ „ 3’0 „ 

Ursinia speciosa, D.C. — This was taken as an example of a 
fruit with a distinctly paleaceous pappus. The fruit has a small 
tuft of hairs at tlie base and five, well developed, white and gold 
plumoso-paleaceous scales at the top. Tlie fruit is not particularly 
lieavy, but the pappus is relatively solid, and its weight is somewhat 
of the same magnitude as that of the fruit itself, not, as in the 
other cases, very much smaller than that of the whole structure. 
Tlie spreading of the pappus seems to be more or less permanent 
in this case, and no pulvinus could be detected. The third speed 
of the fan was used. 

Critical Pressure A — '0514 gms. per sq. cm. 4’5 m.p.h. 

. Critical Pressure B — *0118 „ „ 2-1 „ 

Leonlopodium alpinum, Cass. — The fruit in tliis case is small 
and more or less spherical with no pappus. The average diameter 
of the fruit is about ’25 mm. The small size of the fruit prevented 
accurate measurements with the apparatus as arranged. With the 
tube at 33'5 cms. and the fan at Speed 4 six fruits were dropped 
through the hole. This was repeated three times with the result 
that about ha|f the fruits were blown right through the tube, and 
the others were blown a distance which varied from 35 cms. to 90 
cms. The critical pressure A is, therefore, about '050 gms. per sq. 
cm., equivalent to 4-4 m.p.h. Six fruits were dropped through 
the hole with the tuheat33'5 cms. and the fan at Speed 1. Three 
of them were blown about 5 cms. and the others were lost. The 
critical pressure B is, therefore, not more than •0168 gms. per. sq. 
cm., equivalent to not more than 2 59 m.p.h. 

C. Hydrodynamics of Wind-Dispkrsal. 


According to the views of Dingier and Praeger the dandelion 
fruit, which falls in quiet air at the rate of ’98 m.p.h., would require 
an uniform wind of about 50 m.p.h. and an initial elevation of 


about one mile in order to be transported about 50 miles, or 
1 cm. elevation for 50 cms. dispersal. In other words the ratio 


distance travelled 
initial elevation 


is a measure of the velocity of the wind required. 
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In the apparatus described above the initial elevation is at 
most 4*5 cms. (the diameter of the tube) and the maximum distance 
travelled can be taken as the length of the tube, 125 cms. The 
wind-velocity necessary for the transport of the dandelion fruit to 

125 

the end of the tube would then be ^=28 m.p.h. approx. The 

experimental result, as shown in Section B, is 2*06 m.p.h. approx. 
This discrepancy requires some explanation and the essential point 
lies in the fact tiiat the wind-dispersal of pappose fruits lias been 
regarded hitherto as a hydrostatic problem and not as the 
hydrodynamic problem which it undoubtedly is. The average 
pappose fruit is more akin to an aeroplane or a kite than to a 
parachute or balloon. An aeroplane has a much greater rate of fall 
in quiet air than a dandelion fruit but a wind of 60 m.p.h. is 
sufficient to keep the former in the air indefliiitely. It must also be 
noted that as long as the “air speed” is 60 m.p.h. an aeroplane 
remains up, so that in a wind of 90 m.p.h. an aeroplane could 
actually drift backwards at the rate of 30 m.p.h. in relation to 
the earth. This case is somewhat similar to that of the pappose 
fruit (see below); there would be a considerable element of danger 
in the above-mentioned stunt but I am assured by aeronauts that 
it is possible. 

Hydrodynamics of Fruit-Dispersal in 
Tauaxacum officinale. 

The dandelion fruit is taken as the simplest example. Here 
the main weight of the fruit is at the base of the slender stalk, 
while at the top of the stalk there are the numerous hairs of 
the pappus which spread out when the R.H. of the air is '77 or 
less. These hairs form a flat, circular surface at right angles to 
the main axis of the fruit ; the centre of gravity is low, so far the 
structure is that of a simple parachute and is relatively stable. 

Now if the fruit is considered to be vertical at first (Fig. 27, A) 
and a wind with a velocity which develops a pressure M impinges 
on the fruit in such a position, the pappus being lighter than the 
heavy fruit body, the fruit does not remain erect. The pappus is 
acted upon more strongly and is blown ahead of the fruit body, so 
that the whole fruit becomes tilted as in Pig. 27, B. Once this 
position is reached the force M can be resolved into two components 
S atid R, S being parallel with the surface of the pappus and 
R at right angles to that surface. The two components are 
equal to M sin0 and M cos0 respectively, 0 being the angle of the 
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axis ot the fruit with the horizontal (see Fig. 27, B). The tangential 
component S is known in kite dynamics as surface slip and is 
usually considered negligible. 



The Vertical Component , — The normal component R can be 
resolved furtlier into two components (Fig.27,C) a vertical component 
Vand a hoi’izontal component H. The vertical component V is 
equal to R sin0 and the horizontal component H to R cos0. 
Since R::=M cos6^, R sin0= M cos0 sin^, therefore V=M cos0sin0. 
If the pappus surface were a continuous membrane or acted as a 
continuous membrane (of the area occupied by the hairs and the 
interspaces) and if the wind were just sufficient to keep the 
movement of the fruit horizontal the vertical component would be 
equal to the mass of the fruit. As the pappus is not a continuous 
membrane the minimum pressure on the area of the circle of the 
pappus surface may be greater than the weight of the fruit. This 
minimum pressure is described below as the critical vertical 
component, which is of course a pressure, not a velocity. 

The Horizontal Component, The horizontal component is equal 
to R cos^, which is equal to M (cos6^)^ 

Surface Slip, The component S can be resolved into a 
horizontal and a downward vertical component. These will be 
equal to x S sin0 and x S cosO respectively ; where x is a small 
fraction. The close similarity of the experimental and the 
calculated results (see Table XI) shows, that x is so small that S can 
be neglected. 

Data. 

For any further consideration various data are necessary and 
these have been obtained. 

Weight of the Fruit, Bessey (6) gives *00044 gms as the weight 
of the dandelion fruit but it was considered necessary to determine 
the weight of the fruits actually used. One hundred whole fruits 
were weighed carefully. 
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Wt. of 100 fruits='0756 gms. 

average weight of one fruit='000756 gms. 

This is of the same magnitude as Bessey’s flgiire and the 
difference is possibly due to the fact that the fruits used were very 
well developed. 

Area of Pappus Surface. The constant referred to by this 
name is not the sum of the areas of the exposed surfaces of the 
hairs as calculated by Dandeno (9) but the area covered by a circle 
with a diameter equal to twice the length of a pappus hair. The 
pappus from eight fruits was stuck to paper and measured under a 
dissecting microscope. The longest hairs and the mass of hairs 
were both measured. 

Diameter in mm. as measured by the longest pappus hairs= 
12-5, 12 0, 12’0, 12 0, 12-0, 12-5, 12-0, 12-0. Average=12-12 mm. 

Diameter in mm. as measured by most pappus hair8~12’0, 

11'5, 11‘5, 11‘5, 11*5, 12‘0, 11'5, 11-5. Average=ll'62 mm. 

As the efficiency of the pappus would seem to depend on the 
surface formed by the mass of pappus hairs rather than upon the 
few longer hairs, ll‘62mm. was taken as the average diameter of 
the pappus surface. The average area of the pappus surface, 
therefore, is 1'06 sq. cm. 

Angle of the Axis. As the fruit was in movement during 
dispersal observations were not accurate. The angle of the axis 
with the horizontal appeared to vary between 45® and 60®. 
Photographic measurement should be possible and will be used in 
subsequent experiments. 

Rate of Fall in Quiet Air, The determination of tliis constant 
by Praeger (30) is taken as sufficiently accurate and is converted 
into m.p.h. ; 12 feet in 8-5 seconds~’98 m.p.h,' 

The Vertical Component. In the experiments described in 
Section B the wind was always lateral, so that a wind with the 
minimum or critical vertical component also had a horizontal 
component. Any wind-pressure which lifted the fruit when it had 
once fallen was, therefore, due to a wind, the total force of which 
exceeded the critical vertical component. This component is taken 
to be the pressure of the maximum wind which does not blow the 
fruit more than 4 cm. (see below under Winds between “ W ’* and 
“ V”). The cliief source of error in the experiment is the friction 

' This is calculated from the rate of fall (12 feet in 8*5 seconds) re- 
corded by Praeger. He gives inversion of the time and multiplication by 8 
as a method for approximating in m.p.h. the observed rates of fall in secs, 
per 12 feet. A closer approximation is obtained by using 8*4 instead of 8 
and this has been used in the present calculations. 
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between the glass and the fruit, but in the case of the dandelion the 
fruit rests on the glass on the tips on a few pappus hairs and a 
very small portion of the surface of the fruit body. Friction in 
such a case is reduced to a minimum. Another possible source of 
error is the adhesion of the fruit to the glass ; this might arise 
from a mucilaginous pericarp or from mucilaginous achenial hairs, 
both of which are absent in the dandelion, so that this source of 
error is eliminated. A third possible source of error is the 
assumption that the effect of the tangential component S is 
negligible but this assumption is justified by subsequent observation 
and calculations. 

With the dandelion the observed maximum wind which does 
not move the fruit is 1*01 m.p.h.(see table X) and in this case it can 
be taken as the velocity of wind with a pressure equal to the 
critical vertical component, *0026 gms. per sq. cm. 

Theoretical Conclnsions. 

Prom these observed data various conclusions can be drawn, 
and the more interesting points will now be considered. 

Fall in Quiet Air* The first interesting point arises from the 
close similarity between the rate of fall in quiet air, *98 m.p.h. and 
the experimental value found for the critical vertical component, 
which is equivalent to 1*01 m.p.h. This is easily explained from 
the hydrodynamical point of view. In still air there is no lateral 
force, therefore there is no tilting of the fruit. The pappus surface 
is horizontal, so that there are two forces acting during the fall, the 
mass of the fruit and the pressure exerted by the air impinging on 
the pappus with a velocity equal to the rate of fall. The latter 
force is similar to that acting with a lateral wind but in this case it 
all acts in a vertical upward direction. The mass of the fruit acts 
downwards in a vertical direction. 

The fruit in quiet air rapidly acquires the terminal velocity of 
fall, then the upward force is equal to the downward force, the fall 
being due to the momentum gained before the terminal velocity is 
reached. The upward force due to a fall at the rate of *98 m.p.h, 
is equivalent to a wind with a velocity of *98 m.p.h. The experimental 
value, 1*01 m.p.h., found is quite a close approximation, especially 
when it is remembered that, as Praeger mentions, there is some 
variation in fruits collected from different heads, although those 
from the same head are very similar. The rate of fall in quiet air 
is at least approximately equal to the velocity of the critical 
vertical component and is more easily and accurately measured by 
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the method of Dingier and Praeger than by the rather tedious 
method adopted in the present investigation. 

The Cyitical Vertical Component, Although the pressure and 
the velocity equivalent to the pressure of the critical vertical 
component can be calculated as shown in Section BJfrom the known 
pressure of the maximum wind which does not move the fruit, the 
actual value of the pressure on the pappus can be determined only 
when the area of the pappus is known. This constant as shown 
above is 1*06 sq. cms., therefore the pressure of the critical vertical 
component on the area of the pappus is *0026 x 1*06=*002756 gms. 

The Efficiency of the Pappus, If the pappus acted as a con- 
tinuous membrane the total pressure of the critical vertical 
component would be equal to the weight of the fruit, but the 
hairs of the pappus do not form a continuous membrane. Some 
of the wind passes between the hairs and exerts no effective 
pressure. The pressure actually exerted on the pappus by the 
critical vertical component, is, of course, equal to the weight of the 

- i.! i. 4.1 c r pressure actually exerted on the pappus 

fruit, so that the fraction J — — L_U — 

pressure of V on the area ot the pappus 

gives the efficiency of the pappus as a sail or wind-holding 


mechanism. This efficiency is, therefore. 


•000756 


•27. 


•002756 

The Minimum Wind for Dispersal, In discussing the resolu- 
tion of the pressure in Fig. 27 the fruit was regarded as stationary, 
but it is in motion during dispersal. The point of view upheld by 
previous investigators is that the fruit rapidly attains the velocity 
of the wind which is dispersing it. A little consideration of the 
diagrams in Pig. 27 will make it quite clear that H, the horizontal 
component, is considerably less than M, the total pressure, when 
the fruit is at an angle of 45®. If the fruit were vertical, H would 
be eliminated and the mechanism would act only as a balloon. On 
the other hand if the fruit were almost horizontal {i,e, the pappus 
almost vertical) V would be small compared with H. Even in the 
latter extreme case, however, although H would be almost equal to 
M, the efficiency of the pappus being only ^27, the horizontal com- 
ponent H would have only the effect of M X *27. It is clear then 
that, even when H attains its maximum value, the velocity at 
which the fruit would be blown would be less than the velocity of 
M and therefore the fruit would never attain the velocity of the 
wind. 

Prom the preceding data it is possible to calculate the 
minimum wind required for dispersal of the fruit to a distance which 
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is limited only by the presence of obstacles such as trees and 
mountains, and by the relative humidity of the atmosphere. 



Considering Pig. 28, let 

W=pre88ure of the minimum wind for dispersal, 
w=velocity equivalent to W, 

M=pre88ure of the effective part of W, 

ni=velocity equivalent to M, t,e., the rate at which the wind 
overtakes the fruit moving with the velocity of h.' 
R=normal conijponent of M, 

S— tangential component of M surface slip), 

H=horizontal component of R, 

H'=pre8sure exerted on the pappus by H, 
h '=velocity equivalent to H 
V=vertical component of R, 

0=angle of axis of fruit with horizontal. 

Since the value of V is M co80 %\n0, the minimum wind 
required for dispersal will depend on the, value of cos^ x sin0 and 
thus on the angle at which the fruit is tilted. The product of 
COS0 X sin0 varies from + *5 to — ’5 and reaches its maximum value 
of +'5 when 0=45". The position of the fruit in which M cos0 
8in0 reaches its maximum value for any given wind is, therefore, 
with the axis of the -fruit at 45® to the horizontal. Since any wind 
which is able to lift the fruit will carry it along, the minimum 
wind which will disperse the fruit will be the one with which the 
fruit assumes an angle of 45®. The value of 0 in this particular 
case is, therefore, 45°. An angle of 45° for the pappus (with the 
fruit in the normal position) is the usual one for the pappus in the 



Hydrodynamics of Wind Dispersal. 1 75 

Compositae, another example of the efficiency in detail which is 
characteristic of the family. 

With 0=45°, V=M CO80 8iii0=‘5 M 
H=M(cos0)’=-5 M 
H=V and M=2 V 

the value of V as determined experimentally is *0026 gms. per 
sq. cm. 

H=’0026 gms. per sq. cm. and M='0052 gms. per sq. cm. 

The efficiency of the pappus as calculated from the known 
value of V for the area of the pappus and from the weight of the 
fruit is -27. 

H' ='0026 X •27=’0007 gms. per sq. cm. 

The pressure M depends on the velocity with which the wind 
overtakes the fruit as it moves along and the velocity of the effective 
part of the wind is the difference between the velocity of the wind 
and the velocity of the fruit, i.e. m=w — h' (.*. w=m - 1 - h' ). 

The pressure M (-0052 gms. per sq. cm.) is equivalent to a 
velocity of 1'44 m.p.h., i.e., m=!'44 m.p.h.; the pressure H' 
(•0007 gms. per sq. cm.) is equivalent to a velocity of ‘SS m.p.h., 
i.e., h'=’53 m.p.h., but w=m + h', .•.w=l’44 + '53=:l*97 m.p.h. 

In this way we find that the minimum wind for dispersal has 
a velocity of 1'97 m.p.h., which is equivalent to a pressure of *0097 gms 
per sq. cm. Referring to Table X we find the critical pressure A 
is .0107 gms. per sq. cm., which is equivalent to 2-06 m.p.h. At 
the next point taken in the experiment the velocity had fallen to 1*84 
m.p.h. : the fruit skimmed along the tube, touching it with the base 
only, being thus partially supported and leaving the wind free to exert 
a pressure sufficient to blow the fruit right out of the tube. The 
critical pressure A in the case of Tarnxacum officinale is clearly an 
approximation to the pressure of the minimum wind required for 
dispersal. Whether it is so for other species remains to be 
determined. 

In the case of the dandelion we thus arrive at the interesting 
conclusion that the critical pressure A i.s approximately equal toW, 
the pressure exerted by the minimum wind necessary for dispersal, 
and that the critical pressure B is approximately equal to V, ^he 
pressure of the minimum vertical wind which will support the fruit 
i.e., the pressure of the minimum or critical vertical component ol 
the effective part Mof the horizontal wind W. In the language of 
aeronautics 1*44 m.p.h. is the minimum air speed of the dandelion 
fruit ; the difference in the two cases is that so long as the aeroplane 
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overtaUes the wind at not less than 60 m.p.h. it stays up, and so long 
as the wind overtakes the fruit at not less than 1*44 m.p.h. the fruit 
stays up. 

Winds between “ W" and “ V .” — If the wind exerts a pressure 
of '0107 gms. per sq. cm. the fruit is blown right through the tube 
without touching, and if the wind exerts a pressure of ‘0026 gms. 
per. sq., cm. or less, the fruit dues not move once it has fallen. 
Between these two points the fruit moves but touches the tube, 
and it is of interest to follow the action of the wind with pressures 
between W and V. 

In the initial stages of flight the wind exerts its full pressure, 
i.e., M— W, but as soon as it has developed an effective action 
the fruit moves and M becomes less than W. Since the continued 
flight depends on V being not less than the critical value the fruit 
will fall : thus if W='0052 gms. per. sq. cm. M will be less than that 
and V will be less than *0026 per sq. cm., which is the minimum 
vertical component which keeps the fruit up; the fruit will therefore 
fall. When reference is made to Table X it will be noted that if W 
is greater than -0052 gms. per sq. cm. the fruit moves along con- 
tinuously but is partly supported by the tube. It is only when W 
falls below the minimum value of M that the fruit actually stops. 

If W is less than ’0052 gms. per sq. cm, then V can never, 
even in the initial stage, he as much as ’0026 gms. per sq. cm., 
so that the fruit must fall; but the time taken to fall will depend 
on the upward pressure exerted by the vertical component. The 
fruit will fall slowly if V is nearly '0026 gms. persq, cm., and more 
quickly the smaller the value of V becomes. 

The value of V depends on the value of W and on the value 
of 0. The product cosd x sin0 diminishes gradually until when the 
fruit is vertical it is nothing. The smaller W becomes the greater 0 
becomes, because the pappus is not blown so much before the 
fruit body, so that the smaller W becomes the smaller becomes 
cosO X sin0, and therefore V becomes smaller very rapidly. 

As soon as W is equal to the rate of fall in quiet air the 
axis of the fruit becomes vertical ; then there is no vertical com- 
ITOiient of W and the fruit falls with a velocity equal to that of the 
wind. The initial elevation is then equal to the distance travelled 
by the fruit. This may be made clear by considering the parallelo- 
gram of forces in Pig. 27, D. The force X is equal to the force Y, 
and they act at right angles to each other, the resultant is AC, 
which is the path of fall of the fruit, It is then plear that AB=:BC, 
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i.e , the distance travelled by the fruit is equal to the initial eleva- 
tion. The force X is different from the pressure M or W in that 
the fruit is being carried along as a balloon is carried along with a 
velocity equal to the velocity of the wind. 

Prom the above it is clear that what is really measured in 
the experiments on the critical pressure B described in Section B is 
not the minimum vertical component of M but the rate of fall, 
which is, however, equal to the latter constant. It would be possible 
to measure the critical vertical component directly with a modifled 
apparatus, and the writer hopes to continue the investigation. 

The conclusion to be drawn from the experimental and 
theoretical treatment of the hydrodynamics of the dispersal of 
the dandelion fruit may be stated briefly thus — so long as the 
relative humidity of the air remains above *77 and so long as the 
fruit does not encounter an obstacle, a horizontal wind of 1‘97 
m.p.h. is sufficient for its dispersal to any distance. 

If the air becomes moist the pappus closes up and the fruit 
falls rapidly. The problem of surmounting low obstacles is partly 
solved by the elongation of the scape, which takes place during the 
twenty-four hours before the fruits are ready for sp ersal. The 
scape elongates 50% to 90% of its original length, e.g,, from 24 cms. 
to 38 cms. and from 20 cms. to 38 cms. in cases which were 
measured. This sudden elongation is due to a stretching of only 
the upper part of the scape: the stretching causes the elongated 
part to be paler in colour since the chlorophyll is not increased in 
proportion to the increase in surface. The physiology of the 
phenomenon seems to be somewhat as follows — during the 
ripening of the fruits there is a marked streaming of carbohydrates 
up the scape to the capitulum. This streaming does not cease 
immediately on the maturation of the fruits, and the materials 
accumulate in the upper part of the scape. This causes the osmotic 
pressure and the turgidity of the cells in that region to increase so 
much that the cell walls are stretched along the line of least 
resistance, i.e., longitudinally. Accurate experiments are, however, 
necessary to prove this conclusively, and the point appears to be 
of general interest in view of the similar quick elongation of the 
supporting stalk in the spore-dispersal of many Bryophyta, and 
the similar but slow elongation in the peduncles during the 
fruiting stage of many Angiosperms. Beeby (3) observed similar 
elongation in the scape of T. spectabile, var iitaculiferum, but was 
<*not able to give exact details concerning the times at which 
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si<)ng(|Ltion takes place.” Cassini (8) had previously recgrded the 
p^enopietion in Tussilago Farfara and Chevreulia stoloui/era but 
gnve no details. 

The Hydrodynamics of Fruit-Dispersal in other Species. 

The theory of the experiments with the other fruits is com- 
plicated by the angle at which the pappus spreads in Senecio, 
Urfinia and Centaurea, by the presence of mucilaginous achenial 
hairs in Senecio, the presence of a basal tuft of hairs in Ursinia 
and the absence of a pappus In Leontopodium. The structure is 
in no case that of a simple parachute with the wind-liolding 
surface at right angles to the axis of the friiit» as in Taraxacum. 

Senecio vulgaris, L.— According to Praeger the fruit of Senecio 
vulgaris falls in quiet air at the rate of 12 feet in 12-8 seconds, 
which is approximately *66 m.p.h. This is considerably lower than 
the value (1'I8 m.p.h.) obtained for the velocity equivalent to the 
critical pressure B in this species. There are several sources of 
inaccuracy, but if *66 m.p.h. is taken as the velocity of the 
critical vertical component, it is possible to make a rough 
calculation of the minimum wind for dispersal. The efficiency of 
the pappus can be taken as approximately *25 and calculating as 
in the case of Taraxacum,' the minimum wind for dispersal is 1'25 
m.p.h. This is quite a good approximation to the value (1.48 
m.p.h.) found for the velocity equivalent to the critical pressure A 
in the experiments described above. 

Centaurea imperialis, Hausskn. — As Praeger does not give the 
rate of fall in this species an approximate measurement of this 
constant was made by his method and the value found was 2*2 
teconds for a fall of 12 feet. This is equivalent to 3*81 m.p.h. 
Calculating as before we get 7*3 m.p.h. as the minimum wind 
for dispersal. These two values (7’3 and 3’81) are sufficiently 
near the experimental values (7*2 and 3*0) found for the 
velocities equivalent to the critical pressures A and B to show that 
tile methods of experiment and calculation are both approximations 
to the actual values of the two constants. 

U rsinia speciosa, DC. — The rate of fall was determined in this 
case also for the purpose of this calculation. The value found 
was 3*4 seconds for a fall of 12 feet. This is equivalent to 2*47 
m.p.h. Galcuiating as before we get 4*7 m.p.h. as the minimum 
wind for dispersal. These two values (4*7 and 2*47) are quite good 

’ Tlie tiking of the fruit need not occur in this case as the pappus is already 
at an ang le w ith th e horizontal. The formula for the calculation is 
where F is the rate of fall in m.p.h. 



Phylogenetic Significance of Fruit Dispersal. \ 79 

approximations to the experimental values (4‘5 and 2'1) obtained 
for the velocities equivalent to the critical pressures A and B. 
The minimum wind for dispersal in these three species is 
clearly approximately the same as the minimum wind required to 
blow the fruits out of the tube without a pause. It is also closely 
approximate to the value calculated from the rate of fall assumin); 
the angle to be 45® and the efficiency of the pappus to be '25. V/e 
have, therefore, a convenient although somewhat rough method for 
the calculation of the minimum wind required fur the dispersal of 
those pappose fruits of which the rate of fall in quiet air is 
known, 

LeoHtopodium alphiniii, Cass. — These fruits not being pappose 
the preceding methods do not apply, and as they are spherical the 
dispersal is more analogous to spore dispersal or to the cases given 
by Thoulet (35) and Udden (37), see section D. Considering the 
very slow winds which are sufficient for the dispersal of spores it 
is probable that the velocity (4.4 ni.p.li.) equivalent to the critical 
pressure A is at least an approximation to the minimum wind for 
dispersal in this species, it is interesting to note that, although 
Stokes’ Law may apply in this case, the cypsela in the Cumpositae 
when epappose is usually cylindrical, it has been shown by Eiffel 
(13) that a cylinder has a much slower rate of fall than a sphere 
of the same diameter, for instance, if the lengtli of a cylinder is 
equal to the diameter and the movement is in the direction of the 
axis, the resistance of the air is five times greater than it is for a 
sphere of the same diameter moving at the same rate. 

D. Phvloobnetic Sionificancb of Fkoit-Dispbrsal, 

The significance of the hydrodynamics of fruit dispersal may 
not be immediately obvious, but the question of whether a given 
fruit requires for its dispersal a wind of 2 m.p.h. or a wind 50 m.p.h. 
is of fundamental importance in the interpretation of the facts of 
geographical distribution. A proper understanding of the conditions 
of wind-dispersal is necessary for the rational study of the history 
of the Cumpositae, their migrations and colonisations, their paths 
of travel and regions of concentration, which form the subject of 
the following chapter. 

De Candolle (11), who is followed by Bentham (1,7), Praeger 
(30), Willis (IV, 94) and others, ignores or gives rather unsubstantial 
reasons for neglecting the authentic evidence for wide dispersal, and 
gives a series of negative observations in support of the dispersal for 
short distances only, That such generalisations from particular 
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observations are not sound is amply proved by the cases recorded 
by Treub (38), PenzifJ (29), Brnst (15), Oates (19), Vogler (38-40) 
and others (see Sect. A), and the argument given by Wallace makes 
it clear that negative evidence in this matter has very little value. 
Further evidence of the transporting power of wind is given 
by Udden (37), who showed that particles between *001 mm. and 
•04mm. are apparently completely borne up by a wind of 8 m.p.h. 
Thoulet (35) states that a hailstone 5 mm. in diameter could be 
sustained in the air by a wind of abont 22 m.p.h. and one of 10 mm. 
diameter by a wind of about 33 m.p.h. After summing up the 
available evidence on the dispersal of dust particles Evans (16) 
says, "In any case, it is sufficiently demonstrated that particles of 
detritus up to about 100 microns in diameter, . . . , are capable of 
remaining suspended in moving air for an indefinite period. A very 
moderate wind will carry them along with it, and a slight 
unevenness of the surface is sufficient to give rise to an upward 
current of the air, which will raise its freight of minute mineral 
particles high above the ground.” 

Since dust particles of the size mentioned have a rate of fall 
which is two to four times that of the average pappose fruit, it is 
not unreasonable to suppose that moving air will have an effect on 
such fruits equal to its supporting effect on more or less spherical 
particles which are not so well adapted for dispersal by wind. 

It has been calculated by Udden (see Evans, 16 p. 254) that in 
the west of the United States an average of about 850,000,000 tons 
of dust is carried 1,440 miles in each year. It is nut unreasonable 
to suppose that such a weight might include some pappose fruits, 
which have an average buoyancy more than equal to the buoyancy of 
the larger particles of dust. Evans also refers to observations of par- 
ticles of sand as much as *2 mm. in diameter being blown from the 
Sahara as far north as Hamburg. As the rate of fall of such particles 
is considerably greater than that of most pappose fruit this is further 
evidence for the probable dispersal of such fruits to considerable dist- 
ances. Spherical fruits such as those of Leontopodiuin alpinum with a 
diameter of •25mm would be transported long distances at least as 
easily as grains of sand ‘2 mhi. in diameter. 

Praeger (30, p.72) also mentions that "thistle down was watched 
half a mite from the shore blowing seaward, and in every case its 
course was practically a straight line.” It is quite clear that the 
theoretical view adopted by Praeger, that particles in moving air 
acquire the same velocity as the air, agrees neither with the 
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experimental results here given, nor with the theoretical view which 
enables us to calculate the minimum wind for dispersal, nor with 
Praeger’s observation of the path of the thistle down, nor with 
Udden’s observations on the path of solid particles in an 8 m.p.h. 
wind. The close accordance of the experimental velocities with 
the velocities as calculated from the observed rate of fall shows 
that the relation of the rate of fall to the velocity of the wind 
required for suspension of the fruit for an indeflnite period is at least 
approximately that discussed in Section C. 

The relative humidity of the air, however, has a very marlced 
effect on the efficiency of the pappus as a dispersal mechanism, 
and the study of the meteorological conditions obtaining in the 
region of dispersal becomes necessary. In Britain, Prance, and 
Ceylon, which are the dispersal regions considered by the above 
mentioned opponents of long distance dispersals, wind is associated 
with a liigh relative humidity and a low relative humidity is 
associated with calm. The conditions necessary for long'distance 
dispersal are a low relative humidity combined with a wind always 
above the minimun value of W for the particular fruit and blowing 
in the same direction over a large stretch of land or water. These 
conditions are comparatively rare in northern Europe and in Ceylon, 
but occur occasionally in most of the regions in which long distance 
dispersal has been observed. 

As a result of the above investigation the writer has reached 
the conclusion that given these three conditions there is no 
limit to the distance of the dispersal of pappose fruits, and with 
this conclusion Dr. J. W. Evans, from his experience of the 
dispersal of sand, is in complete agreement. The occurrence of 
pappose species with a limited distribution is quite in accordance 
with the Law of Age and Area which will be discussed in the next 
chapter. The comparison by Bentham (I, 7) of the local species of 
Senecio with wide spread species of epappose genera is an example 
of the special pleading which has been used to explain away the 
obvious fact that the pappus-mechanism is an efficient means of 
dispersal. De Candolle’s comparison by percentages of pappose 
and epappose species in the various tribes (11) is just as 
superficial. Before such comparisons (or one of wide spread pappose 
species with local epappose species) can be used every factor in the 
two cases must be balanced. These factors would include age, 
other means of dispersal, available habitats, the environment in 
which the journey starts and ends, colonising powers, physiological 
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dilF^fentiation, morphologteetl differentiation during the life of the 
i^ecies, etc. Such a comparison has not yet been made. 

The results of the present investigation which will be valuable in 
the subsequent study of the geographical distribution of the 
Compositae are (1) that the ordinary pappose fruit under the proper 
meteorological conditions can be blown many hundreds of miles 
over land or sea, (2) that hypothetical land bridges are not 
necessary to explain the present distribution of the Compositae, so 
that we can take the world as it is without raising and sinking 
continents, as Darwin (10) says " in a quite reckless manner. ” This 
latter is an important point as the Compositae are almost certainly 
of such recent origin that the possibility of land bridges is in many 
cases quite out of the question. 

in order to facilitate reference the following summary is given 
of the minimum velocities of wind necessary for the dispersal of the 
speeies investigated, together with the expressions for winds of such 
velocities (cp.46. p. 161) 

Table XI. 


Species. 

Bxperimentsil 
Value 
in m.p.h. 

Calculated 
Value 
in m.p.h. 

Common Name of 
Wind. 

Tavaxacum officinale, Weber ... 

206 

1-97 

Light Breeze. 

Senecio vulgaris, L. 

Senecio vulgaris, L 

1-48 

1-25 

Light Air. 

var, fodiatus frectus, Trow 

1'76 

— 

Light Breeze. 

Tnssilago Fa f far a, L 

•59 

— 

Less than a Light 
Air. 

Centaurea imperialist Hausskn ... 

7-2 

7-3 

Moderate Breeze 

Ursinia speciosat D.C 

4*5 

4-7 

Gentle Breeze. 

Leontopodiim alpinum^ Cass ... 

1 

4.4 


Gentle Breeze. 
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Chapter X. 

GEOGRAPHICAL DISTRIBUTION OF THE COMPOSIT.43. 

A lthough morphological characters must always be the 
primary data in the determination of the apparent affinities 
and evolutionary history of species, geographical distribution 
urnishes an obvious but somewhat neglected test of the truth of 
any deductions from structure. For instance, the Calendulese are 
practically confined to Africa and are unknown in America with the 
exception of one monotypic genus, Eyiachaeuitiin, which occurs in 
the Magellan region. Although this genus may be placed quite 
properly in the Calenduleae from a taxonomic point of view, it is 
clear that its evolutionary liistory differs from that of the other 
genera in the tribe. 

Up to the present point the affinities and evolutionary history 
of the tribes and sub-tribes have been traced only from morpholog- 
ical and physiological data. This chapter, which is an extension of 
a paper by the author (67) on the same subject, includes, in addition 
to the main outlines of the history of the subject, an account of the 
distribution of Senecio in some detail and of other genera, together 
with a discussion of these data in the light of recent developments 
in geographical botany and of the phyletic suggestions contained in 
the previous chapters. 


A. History. 

The most important contribution to the subject of this chapter 
is Bentham’s elaborate exposition (I, 7), which covers the whole 
field from the older, purely taxonomic point of view. 

General problems are dealt with by De Candolle (IX, 11). 
Darwin (II, 16), and Wallace (IX, 41). Don (1, 25) gives an 
analysis of the distribution of the Cichorieae known at that date 
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(1825), while Lindley (I, 56) and Schultz Bipontinus (I, 77) treat of 
of the subject in a somewhat perfunctory manner. The last 
developed his preliminary remarks in a later contribution (61). 
Nees (I, 67) gives a table of the distribution throughout the world 
of the then (1833) known genera of the Heterochrominae. As 
illustrations of the new outlook on the problems of geographical 
distribution the papers by Andrews (3-4) and Capitaine (13) on the 
Leguminosae, by Himmelbauer (39) on the Berberidaceae and by 
Gates (28<29) on certain Liliaceae may be quoted. These accounts 
correlate all, or at least most, of what is known about the plants 
with their distribution, and sound views on the evolution of the 
groups are more likely to result from this method than from the. 
older method of purely morphological comparisons. 

Land bridges in various parts of the world are brought in to 
solve many problems (cp, 74 and 82) and the Antarctic connection 
between Puegia and New Zealand has been much written about (58, 
66, etc.), but Hutton (42) points out that such a bridge probably 
did not exist after the origin of the Angiosperms, except in the form 
of an archipelago. In the Compositse, as was indicated in Chapter 
IX, we must explain the distribution with the land surface of the 
world as it is to*day. 

Concentration at High Levels. The extreme abundance of the 
Compositse at high levels is noted in almost all alpine investigations ; 
it is mentioned by Cassini (1, 18, Tome 1, p. 324.), Spruce (69, p. 288), 
Whymper (78, pp. 199 and 352) and Guppy (IX, 21, Vol. II, p.238) 
who quotes Hemsiey (37), Hooker and Ball (40) and Schimper (IX, 
32) as authorities. Hemsiey (37) quotes figures for concentrations 
along the mountains from the Caucasus to Japan and suggests the 
pappus mechanism as the cause. Ball (5a) gives 25-30% as the 
proportion of Composites in the higher Andean flora. 

The local dominance of Composites over other plants is well 
known from common experience with daisies, dandelions and thistles. 
Interesting cases of complete dominance are given by Darwin (21, 
p. 113), who mentions beds of the cardoon thistle (Cynara card- 
wiculm) “ many (probably several hundred) square miles ” in extent 
vyhere “nothing else can now live”, and also by Geddcs (30), who 
found the Great Ragweed (Ambrosia trifida) covering a ravine with 
a dense growth of plants 12 to I8ft. high. 

Action of Environment. The direct effect of environment on 
the individual is rapidly becoming one of the most fertile fields in 
the domain of experimental evolution. Although the origin of new 
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Linnettd species has not yet been effected, changes in the 
individual in response to defliiite factors of the environment have 
been obtained which certainly give greater differences than those 
between a very large number of taxonomic species. 

Some instances have already been mentioned of the effect of 
injury, food supply etc., on the floral characters; see Molliard (IV, 
S5>56a) and his explanation of the dioecism of PuUcaria (It, 26), 
also Daniel (IV, 29-24) and the reduction Of doubling. Chapter IV, 
C, under Causal Morphology, 

The value of this type of work is recognised by Massart (53), 
Who considers that the effects of the environment are hereditary in 
some cases at least and, as a consequence, recognises the 
possibility of a t^lyphyletic origin for genera or even species. 
Warming (71, Chap. 100) and the Reports of the Carnegie 
Institution of Washington furnish abundant references to such 
experimental evolution. The last chapter of Warming’s Oecology of 
Plants is of great interest in this connection (see below Chapter XI). 
An important point is developed by Harshberger (35) under the term 
“generic coefficient,” which expresses the percentage relation 
'between the number of genera and that of species in any region : i,e, 

number jj 100=generic coefficient. Simple topography, 

number of species i o r 

as on the plains, gives a high generic coefficient, while the highly 

diversifled topography of regions such as the Rockies and Andes 

gives a low generic coefficient. 

The subject cannot be dealt with in detail here, but it may be 
useful to bring together some references. Taylor (70) mentions 
habitat endemics. Cockayne (17) uses the term epharmonic 
variation in the sense of “ a change in its form or physiological 
behaviour beneficial to an organism evoked by the operation of 
some environmental stimulus. Such a change may be called 
epharmonic adaptation, as distinguished from such adaptations as 
cannot be traced to any direct action of the environment” 
Poweraker (26), who gives some'experiments on anthocyan changes 
ill Rnonlia in response to environment, suggests natural selection as 
the cause of the origin of cushion-plants but he agrees, in conversation 
witi) the writer, that the most probable explanation of his chief pro- 
blem, “ What causes this espalier shape?”, lies in the direct action 
of the heat radiation from the sun-baked shingle on the permeability 
of the protoplasm of the cells of the under surface of the lateral 
branches (cp. 68a). This seems to be a clear case of epharmonic 
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variation. The observations by Foweraker (loc. cit.), Hauri (36), 
and Schroter and Hauri (60) furnish other examples of similar 
epharmonic variation in cushion-plants of widely different taxonomic 
affinities (cp. Schimper IX, 32, pp. 704-716). 

It is a significant fact that the first detailed studies of the 
peculiar insular floras both of New Zealand (15-17) and of the 
Sandwich Islands (51) have resulted in the emphasis of epharmonic 
variation. Bews (6-7) dealing with the many peculiar Composites 
of Natal seems to take the same view although he uses epharmony 
in Vesque’s sense, not in Cockayne’s (see below Chapter XI). He 
writes (7) of the study of epharmony as giving a deeper insight into 
the causal relationship of environment to plant form. 

One of the most extraordinary cases is the change observed in 
CtiicHS arvensis by Compton (18) who records that after a flood in 
the fens all herbaceous plants were killed except Cochlearia 
annoracia, the rootstocks of which sprouted after drainage, and a 
few specimens of Cnicus arvensis, which seemed normal but were 
attached to the soil by two to three feet of slender, leafless stem, 
exactly like the woodless stem of a true aquatic. Considering that 
the thistles probably owe their origin to the heat and dryness of the 
centre of origin (see below) this epharmonic adaptation in a few 
weeks to an aquatic habitat is very striking (cp. Warming on 
Polygonum amphibium, 71, p. 371). 

Other cases are (a) woodiness in the stem of a marsh plant as 
the effect of water at 30-40" C (27), (6) various modifications similar 
to those of arctic plants as the effect of continuous or discontinuous 
electric illumination (8), (c) desiccation and excessive insolation as 
the cause of spines (48), {d) the alpine habit in Seneciojacobaea etc. 
induced by the alternation of low temperatures and darkness with 
high temperatures and strong insolation (9). 

There are also other experimental or observational papers by 
Oger (56), Harris (33), Dauphin^ (22), Constantin (19),' Shreve (63- 
64), Bailey and Sinnott (5) and Jeffrey (43, Chap. XXX). 

Age and Area, The Age and Area Law which has been 
demonstrated by Willis (75-82) is the most important contribution to 
geographical botany since the Origin of Species. As the original 
accounts and various reviews (20,23-24,49,65,67) are easily accessible 
it will be sufficient to note that the formal expression of the law is 
that “ the geographical distribution of a species {i.e. the area which 
it includes within its outer localities) within a fairly uniform country 
not broken by serious barriers depends, so long as conditions remain 
constant, upon the age of that species within ^he country.” 
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The truth and value of this contribution to the subject is 
obvious when it is noted that the composition of and many other 
points concerning the flora of a country can be predicted with a 
reasonable degree of accuracy. It has been applied very success- 
fully to the evolution of the . Podostemaceae by Willis (IV, 93) and 
has been confirmed for the Gramineae of Australia by Breakwell (10). 
Taylor (70) dealing with only 22 endemic species, finds it true in as 
detailed a fashion as can be expected when dealing with single 
species, but he transgresses the Willisian dictum that comparisons 
must be made in groups of 20 or more species. Under these 
circumstances the exceptions he finds are quite in accordance with 
expectations. Taylor effects a compromise between the views of 
Sinnott (65) and Willis. He finds that of 22 endemic species 16 
are young and 5 relicts, the remaining case being doubtful. Of the 
16 young species 14 are considered to be due to generic or specific 
instability and 2 to the direct action of the environment (cp. Chap. 
XI, B). 

The theory of “ the differentiation of primitive, world-ranging, 
generalised types in response to the differentiation of their conditions” 
(Guppy, IX, 22, p. 313) is quite in accordance with the facts of Age 
and Area, and the idea of the differentiation, especially of insular 
endemic species, hi situ is in close agreement with what is known of 
epharmonic variations. This also solves one of the problems of Age 
and Area, i.e. the occurrence on islands of endemic species of wide 
spread genera, which are there the only representatives of these 
genera. If the individuals were confined on arrival to a particular 
area they would naturally all show the same epharmonic variation, 
with the result that the original species as represented on the island 
would be entirely transformed into the new species. 

Guppy, however, seems to use primitive in a peculiar sense 
(op. cit., p. 315) since he classes the Compositae as primitive I He also 
appeals very much to geological changes, but no authentic fossil 
Composites are known below the Oligocene, and^the differentiation 
of climate since has not been sufficient to account for all the 
differentiation in the family. 

Other accounts of phenomena bearing on Age and Area and 
Differentiation are given by Kroeber (46), Andrews (4), A. Jordan 
(44, pp. 18-19), D. S. Jordan (45), Lloyd (47) and Samuelsson (59). 
The most important contribution for present purposes is that by 
Bentham, who was never an enthusiastic Natural Selectionist. He 
says (1, 7, p. 481) “The result of the best-founded opinions on this 
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subject wiiich to my knowledge have been propounded is that a 
race of plants, be it tribe or genus or species, jn its period of full 
vigour, is widely dispersed, accommodates itself to a great variety 
of climatological, physical or other external influences, is numerous 
and varied in subordinate races, as well as individuals, these subordin* 
ate races, especially those immediately subordinate, not being separ- 
ated by wide structural gaps, and not having acquired any marked 
local characters, but for the most part passing, as it were, into each 
other, their respective distinctive characters not having yet acquired 
any marked degreeof correlation. On the other hand, a race in a state 
of decay is represented by subordinate races very distinct in 
structural characters, of restricted areas, and requiring for their 
preservation special climatological or other physical conditions, and 
consequently comparatively few in number .... Old decaying and 
apparently expiring races may, however, in some of their branches, 
owing perhaps a slight change in constitution, habit or external 
circumstances, start into new life .... These young progressive races 
will be very prolific, ready colonisers; and their subordinate races 
will be generally numerous and so blended together as to defy ail 
positive determinations of their limits, and be variously estimated 
as subgenera, sections, species, subspecies or varieties.” Again 
writing of the sections of VernoHia (i, 7, p. 393) he says" the section 
Lepidaploa, which, rather from its wide geographical range and 
connections than from its happening to include the species first 
taken as the type, may be conjectured to be nearest to the original 
form. ” 

These views, it will be seen, form what is probably the best pre- 
Willisian account of the relation of Area to Age. But, whereas 
these are suppositions fairly obvious but unproved, the hypothesis is 
raised to the status of a fundamental law by the statistical proof 
furnished by Willis for age within a given country, and its proved 
extension to absolute age and total area seems to be only a question 
of time and application. 

B. Gbooraphicac Distkibution of Senecio. 

The Senecioneas are indicated in previous chapters as the 
primitive tribe; the distribution of the chief genus, Seneciot is 
therefore of 'fundamental importance. If the numerous species of 
Senecio were confined to one locality or even to one continent, it 
would be difficult to uphold the view that they had been th6 source, 
for example, of the Arctotidese in South Africa, the Vernopiese in 
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Suuth America, and the Cichoriese in the Mediterranean re{{ion 
The present investigation, however, shoves that the distribution of 
this genus is quite in accordance with previous spggesMons. 

Method. 

In dealing with the Compositse the world may be divided into 
a few large regions, which do not always correspond to the regions 
delimited in the study of other families. 

America is divided thus : — 

U. S. A. region : — including Canada and Alaska. 

Mexican region: — including Central America andCalifurnia. 

West Indian region : — including all the West Indian 
Islands in the widest sense, 

Andine region j — including west tropical South America. 

Brazilian region : — including east tropical South America. 

Chilian region : — including extra-tropical South America. 

The rest of the world is divided thus : — 

Bur-Asiatic region : — including north and central Europe, 
Siberia and the eastern parts of subtropical Asia. 

Mediterranean region : — including south Europe, north 
Africa and the western parts of subtropical Asia. 

Tropical Asiatic region : — including India south of the 
Himalayas, the East Indies and the Malay 
Archipelago. 

Tropical African region. 

South African region : — including extra-tropical South 
Africa. 

Australian region ; — including the Australasian islands.' 

These regions serve for a preliminary analysis of distribution 
and will be frequently referred to later, but in the case of Senecio 
a detailed investigation was made. An alphabetical list of the 2300 
species of Senecio in the Index Kewensis and its Supplements to 
1910 was made, including amongst other data the habitat as there 
recorded. A number of floras and papers (84-135)and the Herbaria 
at Kew and Edinburgh were then examined for further details. 
During this investigation about 50 new species were added to the 
list, so that it is more or less complete. The results of this study 
are naturally too bulky to be included in the present condensed 

’ A somewhat similar division for mammals is made by Sclater (62) and 
it is interesting to note that his Cape sub-region connects directly in Bast 
Africa with the Saharan sub-region ; and that his Western or Arid sub-region 
includes most of Mexico and the western U.S.A (see below on Paths of 
Migration). 
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account of the family, so that only a general outline of the more 
striking features will be given. 

A map (Plate I, Pig. 29) is given in which the areas of the more 
important species are delimited by a thick red line, those of less im> 
portant species with more than a local habitat by a thin red line and 
those of species which are limited to one state or country by red 
dots. Accuracy in detail has not been aimed at on account of the 
small size of the map and because it is unnecessary for the 
elucidation of the chief points, namely the centre of origin, the 
paths of migration and the centres of concentration. 

The Centre of Origin, 

In a number of other widespread genera the centre of origin 
is clearly indicated by the coincidence of the point of overlapping of 
the areas of widespread species with the centre of concentration 
(see PI. II, 31, PI. Ill, 34, Pl.V, 37,38), but in Senecio there is no such 
indication. Evidence will be given in Chapter XI for the origin of 
S««moin or about the Bolivian region. The north of South America is 
the probable centre of origin for most large Angiospermous families 
(cp. 4). One point which confirms this hypothesis for Senecio is the 
very large concentration of species along the Andes and on the 
campos, savannahs and the margins of the Brazilian forests, but as 
there are other equally intense concentrations in South Africa and 
Mexico this does not form conclusive evidence. 

Taking this point as granted in the meantime we can consider 
the South American species. The species with only a local dis- 
tribution number in Chili 318, in Peru 66, in Bolivia 56, in Ecuador 
36, in Colombia 45, in Brazil 56, in Argentina 36, and in Patagonia 
46. These numbers are, however, of little importance for com- 
parison among themselves as they depend perhaps more on our 
present knowledge of each country than on the actual number 
of species present. The large number in Chili, for instance, is due 
to the activity of two botanists Remy (130-131) and Philippi (126- 
127). It is clear, however, that the Andean is a particularly 
favourable region for specific differentiation in the genus. On the 
other hand, not a single species of Senecio is recorded from 
Honduras, our knowledge of the flora of that Central American 
state having been limited until recent years to a list of some 
seventy species mentioned by Morris (54). More recent collections 
have added somewhat to our knowledge of this flora (cp. 41 & 83). 
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The Paths of Migration. 

If the centre of origin is taken as the Bolivian region (see PI. 1, 
Pig. 29) the study of the widespread species indicates clearly that the 
path of migration has been southward along the Andes to Puegia 
and northwards along the same range towards Central America and 
the Cordilleran system from Panama to Alaska. Throughout the 
rest of the world the path of migration is commonly along the 
mountain ranges, usually above 3,000 ft., frequently above 6,000 ft. 

South America, Extending in the southern direction into Chili 
we get S. Bridgesii, Hook. A connection is traced between Chili 
and the Argentine and between Chili and Patagonia. There are 
two species, S. Smithii, D.C. and S. candidans, D.C. which are of 
interest. The former extends from southern Chili into the 
Magellan and Puegian regions and to the Palkland Islands. The 
latter occurs in Puegia and the Palklands. The Palkland Islands 
are about 300 miles from the nearest land, but, instead of raising a 
very hypothetical land-bridge to explain the distribution, we can 
point with some certainty to the westerly trade winds and remind 
the reader of the fact demonstrated in the previous chapter that 
the minimum wind for dispersal to any distance of an average fruit 
of Senecio vulgaris is 1.5 m.p.h. In the region in question we have 
a wind of the necessary velocity in the proper direction and some- 
times though not always the air has the necessary low relative 
humidity. 

Extending northwards we have S. medullosus, S.B. from Bolivia 
to Colombia, S, superhus, S.B. from Peru to Colombia, and S. 
rhizocephalus, Turcz. from Ecuador to Colombia, while other 
species with smaller ranges connect other parts of the Andine path. 

South America to North America. The connection between the 
two halves of the American continent is made by two species, 5. 
decompositus, Hieron. and S./ormosus, H.B.K. The latter occurs 
in Bolivia, Colombia and Mexico, the former in Venezuela, Colombia 
and Mexico. Greenman (100) also mentions S. ledi/olius, D.C. as 
connecting North and South America. 

Central America to North America — The bridging species 
between these two regions are 5. lanicaulis, Greenm. and 5. 
Aschenbornianus, Schau., the latter occurring at levels over 6000 ft. 
on the Central American mountains. 

North America. The widespread species in this region usually 
belong to the Cordilleran flora, and there is a considerable afflinity 
between Texas, Arizona, California and Mexico, so much so that 
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these states are included in the “ Mexican region by Bentham, (I, 
7). The most important species are S. lugeyis. Rich., S. cams, Hook, 
and S. Iriangularis, Hook., which occur atl along the Cordilleran 
system from California to the Arctic region, each species showing 
a number of forms and occurring sometimes as high as 12,000 ft. or, 
especially in the Arctic region, coming down to sea level. These 
three species also extend eastward to a varying degree, as far as 
Saskatchewan, Manitoba and Iowa. S. Frenioutii, T. & G. does 
not extend north of British Columbia, hut occurs further south in 
Mexico, while S. eremophihis. Rich., which extends to the Mackenzie 
River, is confined in its southern area to the eastern spur of the 
Cordilleras. , 

The northern region is covered by S. Hookeri, T. & G., which 
extends from the Arctic regions southwards only to the high 
northern Rockies. The eastern path along the Appalachian system 
is indicated by S. lobalus, Pers., which extends from Mexico to 
Florida, Carolina and Illinois, and even more clearly by S. 
suaveolens, Ell., which occurs along the mountains from Maine 
to Florida. 

The gap between the Appalachian species in the east and 
those of the Cordilleras in the west is bridged by S. aureus, L., 
which with many variations in form extends from the west coast to 
the east coast and from Newfoundland, the North-west Territories 
and Alaska in the north to Mexico and Florida in the south. Other 
species with smaller areas link up the parts of both eastern and 
western paths. 

North America to Asia and Europe — The Behring Strait 
presents no impassable barrier to fruits which can be blown long 
distances by winds of less than 4 m.p.h. and the result is a strong 
connection between arctic America and Siberia. S. Pseudo-Arnica, 
Less., extending in America from Maine and Newfoundland to 
Alaska, occurs also in northern Asia. Three other species make use 
of this “ Alaska-Siberian bridge ” : the most wide spread of these 
is S. palustris. Hook., which occurs all over the northern temperate 
and Arctic regions including Greenland. The other two are S. 
resedifolius, Less., and 5. frigidus. Less. : the last like S. Pseudo- 
Arnica occurs near the coast and in habit it is similar to that 
species. The Alaska-.Siberian bridge is mentioned by many writers 
(see 55, 118, etc.). 

Asia. The first path to be noted in Asia lies along the Altai and 
Thian Shan Mountains from Siberia to Turkestan (cp. 25). This 
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Is shown by S. Ledebouri, S.B., and S. altaicus, S.B., and is 
extended along the mountains of Afglianistan and Persia to the 
Persian Gulf by S. dubins, Ledeb. The second path lies along the 
east of Mongolia and Tibet by way of the Yablonoi, Khin-gan and 
Sin-ling Mountains from Siberia to the eastern Himalayas. This 
path is taken by S. Ligularia, Hook. The eastern Himalayan 
region is connected with the southern Chinese provinces by at least 
seven species of Senecio, and S. scandens extends beyond that region 
to Ceylon, the Neilgherries and Burma. A further extension from 
the eastern Himalayas is shown by S.anineosus, D.C., which occurs 
from China through Sikkim to Ceylon and Java. India and Java 
are also connected by 5. tenuifolius, Burm. Other species with 
smaller areas again link up the parts of both the eastern and western 
paths through Asia. 

Asia to Europe. The extension of the west Thibetan path 
into Europe is shown in detail by S. sibiricus, L., which occurs 
from Dahuria and the Yablonois via the Altai Mts. and Turkestan, 
the extension being along the Caucasus and Carpathians to the 
Alps. Part of this path together with a much wider extension 
of area into the plains of the Eur-Asiatic region is covered by 
S. sarracenicus, L., S. paludosus, L., S. sylvaticus, L., S. erucifolius, 
L., S. prcealtus, Bertol., and S. brachychcetus, D.C. The Siberia- 
Caucasus-Carpathians part of the path is covered by S. capitatus, 
Steud., and other shorter parts by other species. 

Asia and Europe to Africa, The further extension of the west 
Thibetan path into Africa is shown in detail by S. coronopifolins, 
Desf. This species occurs all over Europe and northern Asia, 
and through Turkestan, Afghanistan, Baluchistan, Persia, Syria, 
Palestine to Egypt, the Sudan and Abyssinia. S. erraticus, 
Bertol., and S. Jacobcea, L., extend this area to north-west Africa, 
including Algeria and the region north of the Atlas Mts.; the 
former species extends even to the Azores. 

An interesting species is S. Dtcaisnei, D.C., which, although 
it extends north-east into Asia only as far as Afghanistan, occurs 
also in India, and from northern Arabia across Africa to Morocco 
and the Canary Islands, and south through Nubia, probably as far 
as South Africa. This connection between north and south 
Africa is confirmed by S. maritimus, L., which occurs commonly 
in the Mediterranean region and in South Africa. In addition to 
the above-mentioned species S. Schiinperi, S.B., links up Arabia 
and Abyssinia, while S. arabicus, L., connects Arabia, Egypt and 
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Nubia. There are also a number of species, such as S. nehrodensis, 
L., 5. vernalis, Wald., and 5. squalidus, L., which are widespread 
within the Mediterranean region, thus linking up Asia, Europe and 
Africa. 

Europe to Africa. A connection is made between Europe 
and Africa at the western end of the Mediterranean by a number 
of species with areas varying from that of S. crassifolius, Willd., 
which extends from Prance and Spain to Italy, Sardinia, Algeria, 
Morocco and the Canary Islands, to that of S. Auricula, Bong., 
which occurs only in Spain and Algeria. 

Africa. The path of migration in Africa is clearly‘^**V’® the 
mountains of the east coast. The first step is shown h\. . 

os%is, S.B., which extends from Abyssinia into Galla. The path is 
extended to Mozambique by S. stibscandens, Hochst., and to Natal 
and the Transvaal by S. picridifolius, D.C. The southern part is 
covered by S. paucifoUus, D.C., which extends from the Zambesi 
into the east and south of Cape Colony, and the northern part is 
covered by S. longiflorus, S.B., which extends from Abyssinia to 
the Kalahari Desert. Other species again form smaller links in 
the chain. 

Two interesting species in the west are S. Mannii, Hook., 
and S. clarencianus. Hook, which both occur in the Cameroons 
and Fernando Po. This is a case similar to that of Fuegia and 
the Falkland Islands species, but the distance between the two 
localities is only about 70 miles. A more striking case is 5. Leuca- 
dendron, Benth., which occurs on St. Helena and on Prince’s 
Island,' the distance in this case being nearly 1,500 miles. In this 
region the south-east trade winds may well be the distributing 
agent of the pappose fruits, and in view of the evidence given in 
Chapter IX, a journey of 1,500 miles over the sea is not improbable 
for a fruit of the Senccio type. 

Centres of Concentration. 

As the basal genus of the family it is to be expected that 
Senecio will have a considerable share in the predominance of the 
Compositae in the higher regions of the mountains throughout the 
world. There are many species with very limited areas, but as 
shown above there are also the usual proportion of widespread 
species It will be obvious from the distribution of the red dots on 
the map (Pig. 29) that these local species are most abundant along 

• This extension to Prince’s Island is supported only by one specimen 
in Herb. Edinburgh, concerning the collection of which there is no 

detailknown. 
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the ridge which extends around the Pacific and Indian Oceans 
from Puegia to South Africa. 

In South America 70% of the species of Senecio occur in the 
Andes; the percentage is somewhat lower in North America, but 
some idea can be gained of the development of Senecio in the 
Cordilleran system from the descriptions by Harshberger (34). 
Senecio and Gutierreiia (op. cit., p. 224) are the dominant genera 
of the mesas in the autumn. Senecio again forms a considerable 
part of the rich vegetation of the hanging meadows on the hill- 
sides (op. cit., p. 260) and is mentioned among the important genera 
of most Cordilleran regions. Weberbauer (72, p. Ill and p. 113) 
also gives Senecio first place among the genera with many Andine 
species. Greenman (100), who gives a general account of the 22 
sections of North aad Central American species of Senecio, also 
notes that the greatest development of the genus in both North 
and South America occurs on the mountains. The abundance of 
Composites in these and similar regions frequently impresses non- 
botanical writers, e.g,, Petrocokino (57) mentions “fields golden 
with a kind of yellow marguerite ” in the Andes of Bolivia. 

A noteworthy point is that Honduras is a complete blank 
and Harshberger (op. cit., p. 663) mentions no Senecio in the 
Guatemalan region, which includes Honduras, nor is there any 
endemic species recorded from Nicaragua or San Salvador (cp. 
Hemsley, 107). 

In the arctic and subarctic regions there is naturally no 
abundance of local species. The next region of concentration is 
in China, especially the south-eastern region, which is closely 
connected with the eastern part of the Himalayan concentration, 
The western part of the Himalayan concentration connects with 
a smaller development of local species along the Hindu Kush and 
BIburz Mts. This in its turn leads on to a stronger development 
along the Caucasus and through Asia Minor to the Balkans, 
Carpathians, Alps and Pyrenees. 

Still following the path of migration along the mountains 
there is some slight development of local species in Arabia, con- 
necting with a larger development in Abyssinia. The region of 
concentration extends in some degree along the mountains of east 
tropical Africa, culminating in the 54 endemic species of Senecio 
in Madagascar and the 280 local species which have been recorded 
Ipr South Africa. 
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Rattier isolated developments of local species occur in Australia 
and New Zealand, which are connected by S. laiitus, Porst., and 
S. odoratus, Horn. 

The six Javan species and the five Phillippine species indicate 
the two probable paths for the Australian supply of Seuecio, the 
one from India via Burma and the Malay Peninsula and the other 
from China, via the Phillippines and East Indies (cp. Gibbs, 31, 
on New Guinea as the source of Australian types). 

Ecology. 

It will be clear from the above considerations that the 
regions of concentration for local species lie along the paths of 
migration as shown by widespread species, and that both are more 
or less co-extensive with the 3,000 ft. level throughout the world. 
The reason is to be sought in the aut-ecology of the genus, but as 
this forms the subject of a more extensive account now being pre- 
pared it will be sufficient to indicate briefly some of the more 
salient points, 

The genus Seuecio includes herbaceous annuals, biennials and 
perennials, which may be anything from aquatic to xerophytic in 
structure, also semi-shrubby and shrubby forms, which are erect or 
climbing, and trees of various growth forms. 

The weedy type is the commonest and occurs in all the 
mesophytic habitats, but there are a number of distinct types 
which are characteristic of the regions where they occur. In 
common with many other Compositae these weedy species of 
Seuecio show a general tendency to develop a single, rather large 
capitulum, instead of the common branched inflorescence, as the 
altitude of the habitat increases. This type, sometimes called the 
Arnica type, occurs along the very high regions of the Andes and 
Cordilleras, and also lower down in the Arctic region. S. Pseudo- 
Arnica and S. frigidus have this uni-capitulate habit, while S. 
resedifolius is similar but smaller and more like Beilis ptrennis. 
Along the west Thibetan path this Arnica type is replaced by 
species which with the same general structure are of ranker 
growth with medium-sized capitula arranged in corymbs. Along 
the east Thibetan path the Arnica type is replaced by larger 
species with racemes of large capitula. Further south these 
two types are replaced by less rank but similar growth forms. 

The shrubby species of South America are scandent in Brazil 
but usually erect in the Andes, and show several peculiar types. 
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Bolivia has a number of very dwarfed shrubs, only an inch or two 
high, the majority, however, are erect and from six inches to two 
feet higli, as in the other Andine regions. An interesting spiny species 
S. spinosHs^ D.C., occurs in the Lake Titicaca region, where the 
dryness and excessive insolation (cp. Sect. A above) may be 
judged from the fact that the lake is gradually drying up by 
evaporation although supplied by seven rivers which are of con- 
siderable volume during the rainy season (52). 

The shrubby forms of India and China are scandent in open 
forest or at the edges of denser forests as in Brazil ; the erect 
shrubs are more or less confined to the Deccan and the mountains 
above the tree level, as in South America. 

In Africa shrubby erect and scandent forms occur along the 
mountains from Abyssinia to Cape Colony, and a number of trees 
occur at higli altitudes ; of these none is more striking than 
S, adnivalis, which forms an open forest on Mt. Ruwenzori (14) 
similar to that formed by Espeletia grandijlora on the Paramos 
of Colombia (cp. I, 42, Fig. 109 and Goebel 32, Teil 11, PI. X and 
p. 17). In South Africa the peculiar shrubby form is more coni- 
ferous or “ abietoid,’' and is to be compared with cricoid species of 
the same latitudes in the Andes. 

The shrubby species of New Zealand are also of a distinct 
and peculiar type, but most of the Australian arborescent species 
are more allied to the South African forms. Each region in fact 
has its characteristic type of shrubby Senecio, 

Prom the account given in Chapter IX it will be clear that the 
fruit dispersal of Senecio is easy on grassy plains and on mountain 
sides, both above the tree level and in the unwooded regions which 
are common below a certain altitude (cp. 34, p. 243 and 1, 7, p. 484). 
The tundra zone of the northern latitudes also holds no obstacle 
to the dispersal of pappose fruits and the wide areas of the Arctic 
species is the result. 

In migrating from its place of origin along the mountain 
ranges of the world Senecio has obviously followed the line o^ 
least resistance and avoided all forests and low-lying regions 
where fruit-dispersal by wind becomes distinctly problematical. 
The diversity of conditions along such a path (cp. 35) as well as 
constitutional instability is probably responsible to a great extent 
for the concentrations of local species which occur at all favourable 
points. 

Conclusions, 

Taking Bolivia as the still hypothetical centre of origin for 
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Senecio it is clear from the detailed study of the genus, of which the 
above is a very meagre and fragmentary account, that its history 
can be epitomised somewhat as follows. The genus, arising in 
the Andes, spread comparatively rapidly (cp. Willis, 82, p. 342.) 
along the unwooded regions of the mountain ranges of the world ; 
while the floral structure which characterises the genus remained 
practically the same, the extreme diversity of conditions combined 
with a marked constitutional instability in the vegetative structure 
produced in each region several distinct variations in habit and a 
large number of local species. Because of this free reaction of the 
vegetative part of the Senecio plant to its environment there is no 
species which completely covers the range of the genus. S. vulgaris 
is cosmopolitan but has been largely introduced from Europe. 
Instead of a species we have the weedy type, which is cosmo* 
politan, and also various species with wide areas of distribution, 
a few of which taken together cover the chief regions occupied by 
the genus. 

Finally it is abundantly clear that the geographical distribu- 
tion of Setiecio is quite in accordance with the view that a number 
of tribes have arisen from this genus in widely separated regions of 
the world. 

G. Geographical Dis'^ribution of the Tribes. 

Although not up-to-date, Bentham’s statistical summary (I, 7) 
of the geographical distribution of all the genera of the Com- 
positae remains sufliciently accurate for a general view of the 
distribution of the tribes and sub-tribes. The centres of origin 
and paths of migration, however, cannot be deduced from his 
table with any certainty. An analysis was therefore made of 
the distribution of some fifty widespread genera, including 8,600 
species, by similar but not such detailed methods as were used for 
Senecio, Maps were made and the centres of origin and paths 
of migration were traced. In these maps a line ai'ound a country 
with a number included is used where the distribution within 
the country is not given in detail, and many dots are used where 
the map is too small for the useful employment of lines which 
indicate wider areas. Genera from all the tribes except the 
Calendulese and Arctotidese were examined. Bentham’s table was 
used in some cases to elucidate the centres of concentration of the 
sub-tribes and the results will now be discussed. 

Senecionece. As the basal tribe the Senecionese have been 
studied specially and the distributiqn of all the genera in each 
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sub-tribe is given (Pig. 30). ' The close similarity between this map 
and the previous one (Pig. 29) will be obvious at a glance. The 
local genera occur in the more important regions of concentration 
for Senecio. The widespread genera follow the mountain ranges 
of the world and the more or less treeless arctic zone, just as 
the widespread species of Senecio do. The exceptions are 
(a) Gynura, which connects tropical Asia with Australasia, thus 
supplying a link which is missing in Senecio, (b) Erechtites, which 
connects America with Australia, and (r) Werneria, which shows 
a curious discontinuous distribution from the Andes to the 
Himalayas and Abyssinia. 

The centre of origin for the Liabinse is Colombia or Mexico. 
Hoffmann’s African genera (I, 42) require reconsideration. The 
Tussilagininse are seen to be the further development of the Amiea 
and Ligularia types of the northern regions, originating probably 
in Siberia and spreading all over tbe arctic and sub-arctic 
zone. The Senecioninse, the basal sub-tribe, is characterised by 
a number of widespread genera, the local genera occurring in the 
regions of concentration shown by Senecio. The Othonninse'are 
clearly of South African origin extending north along the mountain 
ranges to Abyssinia ; the genus Werneria requires special 
consideration. 

Cichoriece. All the sub-tribes here, with the exception of the 
insular Dendroseridinse, have their centres of concentration and 
region of overlapping of the areas of widespread species in the 
Mediterrannean region. The centre of origin is thus clearly 
defined, but the paths of migration are not so clearly marked as 
in the Senecionese. Lactuca may be taken as the type of distribu- 
tion shown by the widespread genera (Pig. 31). 

Details of the distribution are not necessary to show that 
from the Mediterranean the genus has spread to America and 
Africa by the same route as that by which Senecio arrived. Hier- 
acium, Hypochceris and other genera have spread further along the 
mountain ranges of the world, extending into the Chilian Andes ; 
while Sonchus has spread still further, extending to Australasia. 

Calendulea. Most of the genera of this tribe are confined 
to Sonth Africa, but Calendula and Dipterocome are Mediter- 
ranean, while Eriachanium is Chilian. The systematic position 
of the last genus requires reconsideration. Tripterh extends into 
Tropical Africa, There is very little doubt of the South African 
origin of the tribe. 
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Arctotidece. Except for the sgiall genera Gundelia in the 
Mediterranean region and Cymbonotus in Australia, the Arcto- 
tideae are South African with a very slight extension into tropical 
Africa. It is interesting to note that this northern extension 
occurs chiefly in Ursinia, and to a lesser degree in Arctotis and 
Berkheya, 

Antheniidea. The distribution of this tribe is peculiar. There 
is a distinct centre of concentration for both sub-tribes in the 
Mediterranean region, but the Chrysanthemidinse shows a sub- 
sidiary concentration in South Africa, with more genera but fewer 
species than in the Mediterranean concentration. This is a case 
where the diversity of conditions gives a high generic co-efficicnt 
apart from the differentiation at the centre of origin. 

The map (PI. 11, Fig. 32) illustrates the point ; there are quite a 
number of small genera endemic in South Africa, but the areas of 
most of the widespread genera of both sub-tribes overlap in the 
Mediterranean region. The primary importance of this geograph- 
ical centre is clearly shown when maps are made of the species in 
the larger genera. These practically all show a marked Mediter- 
ranean centre for local species and for overlapping of the areas of the 
widespread species, notably so in Achillea, Chrysanthemum and 
Artemisia. The paths of migration are the same in these and most 
other genera of the Anthemideae as in Senecio. 

Inuleee. A number of genera in this tribe have been examined 
by the map method, but on account of the limitations of space, only 
Gnaphalium is given in the map (Pig. 33), while the centres of 
concentration for the sub-tribes are indicated. It has been suggested 
(Fig. 7) that the Gnaphaliinse are the primitive sub-tribe, and 
the Helichryseae the primitive section. When examined 
geographically there is little doubt that Gnaphalium is the 
primitive genus, so that the relative positions of the two sections 
of the Gnaphaliinae should be reversed. This will be discussed 
later. 

A map of all the genera of the Inuleae shows that a marked 
proportion of the widespread genera belong to the Bu-gnaphalieae. 
The map of the species of Gnaphalium shows centres of con- 
centration and paths of migration corresponding closely to those 
of Senecio. It is of interest also that several species of Gnaphalium 
are more widely distributed than any one species of Seuecio. This 
is probably due to a more stable constitution, corresponding to the 
more advanced evolutionary position of the genus. These matters 
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Hie discussed below (Sect 0)> The Heiichrysese are clearly South 
African in origin, as are several sub-tribes (see Pig. 33). 

The only other wide spread sub-tribes are, (a) the Plucheinae, 
which, with their chief centre in tropical Africa, have subsidiary 
centres in tropical Asia and Australia, and also extend into all 
the American regions, (i) the Pilagininse, which, although rather 
diffuse and extending to Mexico, have a distinct centre in the 
Mediterranean region. 

The Inulinae, although fairly widespread in the Old World, are 
markedly Mediterranean in origin, as is shown by maps of the 
species of the widespread genera, especially Inula and Pulicaria. 
Another point of interest is the centre of the Buphthalminse at the 
eastern end of the Mediterranean region. 

Cymrece. The centre of origin, as indicated by the coincidence 
of the region of concentration of local species with the region of 
the overlapping of the areas of the widespread species, is nowhere 
more clearly indicated than in Centanvea (Fig. 34). The centre for 
all the sub-tribes is at the eastern end of the Mediterranean region, 
and the same type of map is shown by all the wide spread genera 
of the Cynareae. The paths of migration are the more arid regions 
along the mountain ranges, but this is shown better by Cnicus and 
Echitiops than by Centaurea, Only the last genus extends to Chili 
but Cnicus extends to Mexico and Saussurea to the U.S.A. 

MiUisieae. There is in this tribe no genus common to the 
Old World and America with the exception of the South American 
genus 'fricliocliue, which has one species in Australia. An analysis 
of all the genera in each sub-tribe shows that the chief centre for 
each is in South America (Pig. 35). The Nassauviinae and the 
Barnadesiinse are confined to America, but the other three sub- 
tribes have some genera in Africa. The two geographical groups 
of genera are llustrated by two of their most wide spread 
members, Trixis and (jerbera, Trixis angustifolia extends north to 
California and Arizona, while Gcrbera Annndna extends to north 
Siberia. The paths of migration are the same as in Senecio, but 
a gap exists between Siberia and California. The Nassauviinse 
show a marked concentration of both species and genera in Chili ; 
although the local species of Trixis are chiefly Mexican, there are 
a number of local species in Brazil, and the commonest species, 
T, divaricata, is South American, 

Vernoniece. The type of distribution here is quite a simple 
one. The centre of concentration is in Brazil, and there is aq 
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inter-tropical connection. This applies equally to Vernonia {Ptg. 
36) with 948 species and the bridging sections Hololepis and 
Lepidaploa, and to Elephantopus with 24 species and the^bridging 
species E.scaber. In both genera there is also an extension north 
into the U.S.A. region. A path of migration across the islands of- 
the Pacific is indicated by the above-mentioned sections of 
Vernonia, by E. scaber and by V.cinerea (11).' The stretch of 
ocean between Peru and the Marquesas is not an impassable 
barrier, given a pappose fruit and the south-east trade winds (cp. 
Chapter IX). The occurrence of V, Zeylatiica in Ceylon and 
Madagascar is probably explicable in the same way by a pappose 
fruit and the monsoons, although this case requires further 
examination. An Atlantic path of migration is indicated by 
Sparganophorus Vaillantii, which connects east tropical America 
with west tropical Africa. 

Except for E. scaber and one other species in Senegambia the 
Lychnophorinae are confined to America, but there are a number 
of African genera in the Vernoniinae. 

Asterece, The distribution of the primitive genus, Solidago, is 
typical (Pig. 37). A concentration in the U.S.A. region is clear, 
and the path of migration is that of Setiecio. This point, how- 
ever, is much clearer and more distinct in the maps of Aster, 
Erigeron and Conyza, which are too complex for inclusion in the 
present account. The centres of the sub-tribes are indicated by 
letters. The Homochrominae extend south into the Mexican 
region to a marked degree. The Bellidinae are rather diffuse, 
occurring in all the regions of the world, as do also the Hetero- 
chrominae with achief centre in the U.S.A. and other concentrations 
in Mexico, South Africa, Australia and the Bur-Asiatic 
regions. The Conyzinae are markedly African and the Grangeinae 
occur chiefly in tropical Africa and Asia. The Baccbaridinae are 
another diffuse group but are chiefly Andine. 

Eupatoriece, Por the present purpose Mikania and Eupatorium 
have been united into the basal group which has been referred to 
previously. The distribution of this group (Pig. 38) shows the 
characteristics of the Bupatorieae very well. There is a concentra- 

' A migration to the Sandwich Islands from the Australian and Malay- 
an regions as well as from America is proved by Campbell (12), and was 
previously suggested by Hooker (IV, 39), who gave only general evidence. 
Hutton’s idea of a continental bridge across the Paciflo in Tertiary times 
(42) is modified by Macloskie (118) into an “ archipelagian ” bridge from- 
New Guinea and New Zealand to Chili, very similar to but perhaps mpre 
developed than the existing Pacific archipelago. 
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tion in the Mexican region, but the Andine and Brazilian regions 
show others almost equally well developed. There is a tropical 
connection by Mikania scandeus and also by Agemtum conyzoides. 
In addition there is some indication both in its present and its 
Pliocene distribution of the use of the Alaska-Siberian bridge 
by Eupatorium. 

The Piqueriinae are best developed in Mexico and the Andes, 
the Adenostylinse in Mexico and the U.S.A, regions. The main 
sub-tribe, Ageratinae, have the distribution of the Eupatorium- 
Mikania plexus, extending more or less into all the regions of 
the world. 

Helianthea. The Verbesininae have been suggested as the 
primitive sub-tribe (Pig. 7), and Spilanthes, with type 4 stamens, 
type IV style, setiferous aristae in the pappus and a sub-biseriate 
involucre seems a probable primitive genus. The distribution of 
this genus is, therefore, given (Pig. 39) together with the centres 
of the sub-tribes. 

The detailed distribution of this tribe is somewhat complex, 
as there are several more or less cosmopolitan genera, but the 
Spilanthes type of distribution is common among these wide- 
spread genera ; Ambrosia, Xanthium, Siegesbeckia and Eclipta are 
examples, the last two belonging to the same sub-tribe as Spil* 
anthes. A northern connection via the Alaska-Siberian bridge in 
addition to the usual tropical one is indicated in Bideus. 

All the sub-tribes, except the peculiar Petrobiinae, have a 
Mexican concentration. The Verbesininae and Coreopsidinae extend 
into all the regions of the world. The Lagasceinae, Madiinae and 
Zinniinae have only a slight extension from Mexico, and the other 
sub-tribes are practically confined to America, extending more or 
less strongly into the Andine and Brazilian regions. 

Heleniece. All the sub-tribes of the Helenieae are practically 
confined to America, and Porophyllum (Pig. 40) is taken as one of 
the wfdespread genera, although it is probably not the most 
primitive, faumea, Flaveria and Cadiscus are the only genera 
which extend to the Old World, but there is only one species of 
each outside America. The distribution of the Tagetinae is very 
closely similar to that of the Galinsoginae, both sub-tribes developing 
in the same regions and almost to the same degree. There is a 
distinct extension to the Chilian region in the Baeriinae and the 
Heieniinae, but only one or two species of the Jaumcinse and 
Plaveriinse extend to that region. 
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Ecology of the Tribes. 

The causal relationship of a number of ecological conditions 
to the arborescent habit, the spiny habit, the cushion and espalier 
habit, and other plant forms in the Compositae, can be taken as 
proved to a degree of comparative certainty. 

Scapigerous Perennials, In the grasslands herbaceous peren- 
nials are the chief type and, as in Senecio, this type tends to 
become dwarfed, scapigerous, and Anally uni-capitulate in the 
alpine and arctic regions. The origin of the Creinanthodiuin from 
the Ligularia type of Senecio (see Chapter II, E) seems to be almost 
entirely due to the arid alpine conditions of the screes which form 
the typical habitat of that genus. 

Scramblers, The climbing or scrambling habit is clearly due 
to the direct action of the environment (see Henslow, 38, p. 44) 
and Cockayne gives some very good evidence for this explanation 
(15, p. 21). The presence of open forest or scrub is necessary for 
the development of the typical Composite scramblers. These are 
most abundant on tl>e western margins of the Brazilian forests 
and in the tropical African scrub. 

Erect Shrubs. The erect shrubby forms of the Andes are 
probably the effect of an aridity of environment which does not 
obtain in the Cordilleras, with the result that the shrubby Com- 
posites are not so common in the northern region. Quite a number 
of genera with many arborescent species in the Andes are 
represented in the Cordilleras by perennial herbs. The erect 
shrubs reappear at high altitudes in tropical Africa and more 
abundantly in South Africa (cp. 6-7), Australia and New Zealand, 
where the ecological conditions are somewhat similar to those of 
the Andes. The shrubs peculiar to so many oceanic islands are 
probably also the result of the direct action of aridity, wet and cold, 
or hot and dry conditions (cp. 50-51). 

Trees, The large shrubs and trees are obviously the extreme 
development of the shrubby condition. These trees usually occur 
as more or less isolated specimens high up on the mountain sides 
where there are open associations and consequently very little 
competition, and where all the ecological conditions tend to slow 
growth and ligniffcation. The trees of the oceanic islands have 
long been objects of interest, usually regarded as relics of an 
ancient flora, but in the light of the new views on the origin and 
dispersal of species they are to be considered as more or less 
recent species which have become arborescent under the influence 
of external conditions. In addition most of these species have lost 
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the means of wide dispersal possessed by their ancestors, and the 
localised distribution may be due to any or all of the following 
facts : (a) the species is recent, (b) the fruit is epappose, (c) the plant 
does not bear fruit until several years old, (d) the supply of fruits 
from the few specimens which represent the species is not sufficient 
to cover all the casualties sustained in travelling across the wide 
stretches of ocean, and in the attempt to establish the species in a 
region usually quite different ecologically and already well stocked 
with other plants. 

These various forms, scapigerous perennials and arborescent 
species, occur in almost every tribe and their detailed evolution in 
each group is very interesting. 

Spiny Forms. It is clearly easier for the appropriate ecological 
conditions to produce spines from leaf structures which are already 
reduced. The result of this is seen in the spinescent involucral 
bracts characteristic of the Cynareae and common in the Buphthal- 
minse (Inuleae), Gorteriinae and Gundeliinae (Arctotideae). Spiny 
leaves occur also in the above-mentioned groups and in Scolymus 
(Cichorieae) All these spiny forms occur either in the Karroo 
(Gorteriinae) or in the semi-desert area at the eastern end of the 
Mediterranean region. 

Aquatics. Although many Composites, but not a large propor- 
tion, are marsh plants there are very few aquatics (15, p. 17 and 1,43), 
and, as these belong to various tribes, any phyletic value they 
possess is strictly limited. It will be sufficient to indicate the 
possibilities of the basal genus as shown by Senecio hydrophilus, 
Nutt, which grows in wet ground or even in brackish water, and 
the possibilities of the most advanced tribe as shown by the 
extraordinary production of an aquatic stem by a species which 
owes its spiny condition to the excessive insolation and dryness 
of the original habitat of its ancestors (see Sect. A and 18). 

D. The Phylogenetic Significance of Geographical 
Distribution. 

Absolute age is not considered at all by Willis in his exposition 
of the law of Age and Area. He limits his conclusions to age with- 
in the given country. Although proved only for age within the 
country the law receives its logical expansion to absolute age from 
Sinnott (65, p. 214), who says “there is doubtless much truth in 
Willis’s main contention that, other things being equal, the longer a 
species lives, the wider the range it will cover.” In this way we 
return to the views expressed by Bentham (Sect. A). 
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Physiological Diperentiation and Restriction of Area, Con- 
sidering the list given by Willis (78, p. 206) of causes which may 
modify the application of the law of Age and Area, and considering 
also Bentham’s remarks quoted in Section A, we can trace an 
underlying principle which may be expressed as above. In a 
paper read before Section K of the British Association in 1916(67) 
the writer applied the law of Age and Area to absolute age and total 
area and indicated the relation of physiological differentiation to 
restriction of area somewhat as follows : “ We find in the Compositae 
that the morphologically higher or more differentiated groups are 
well developed in the same regions as their morphologically lower 
or less differentiated ancestors. As these groups of ancestors and 
descendants occupy the same areas and show their maximum 
concentrations in these areas it is evident that the survival of the 
Attest in so far as it applies to morphological development has 
notexercised any very rigorous action, otherwise the ancestral groups 
would have been eliminated by their more highly developed offspring.” 

“ On the other hand we know nothing very deAnite about the 
physiological differentiation of these groups and from analogy it 
would seem probable that within the limits of any particular family 
a morphologically primitive plant would he physiologically primitive 
and that a morphologically advanced plant would be physiologically 
highly differentiated also. The result of this would be that, although 
the higher forms would he more successful in those areas peculiarly 
well suited to their physiological constitution, this advantage would 
be more or less counterbalanced by the greater range, or greater 
choice of habitat, which would be enjoyed by the lower forms on 
account of their lack of special physiological differentiation. This 
compensation of the advantages of adaptation to one habitat by the 
power of living in many different habitats seems the most probable 
explanation of the continued existence in such profusion of Senecio, 
the primitive genus of the family.” 

« Of course, morphologically reduced forms must be carefully 
distinguished from the primitive forms, as these reduced forms 
would probably have a relatively highly differentiated physiological 
constitution.” It should be further noted that a genus with an 
unstable constitution, {i,e., abnormally susceptible to environmental 
conditions and liable to spontaneous mutations) will probably not 
show a species covering the range of the genus, while a more stable 
genus may have this characteristic (cp. 75, p. 336). 

Guppy in the following year independently expressed the same 
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principle thus : — " That differentiation and decrease of range go 
together is a principle that seems to prevail through the whole 
plant world ” (IX, 22,p.314). 

Age and Area. The most striking example of the action of the 
law of Age and Area is the world-wide distribution and numerous 
centres of concentration of the basal genus Senecio, No genus in 
the family has a distribution at all approaching that of Senecio, 
except Gnaphalium, the basal genus of the Inulese-Cynarese branch, 
which is of comparatively ancient origin. Along this line we can 
follow the genus Gnaphalium in its period of full vigour and the 
gradually higher physiological differentiation and restriction in 
area which culminates in the Buphthalminse; then from this 
“ apparently expiring race ” we have the vigorous “ young 
progressive race ” starting into new life in the Cynarese with all the 
characteristics given by Bentham (see above Sect. A). The 
significance of these small groups, such as the Buphthalminse and 
Liabinse, which give much larger and more widely spread groups 
will be made clearer in the following chapter. Sect. B. 

The wide distribution of some genera of the Heterochrominse, 
and Verbesininse also illustrate the principle of Age and Area. Other 
examples are Liabum, the Bupatorium-Mikania plexus, Vernonia, 
Trixis and Ursinia ; in fact the primitive genus in almost every 
sub-tribe and the primitive sub-tribe in almost every tribe, in 
addition to the primitive genus of the whole family, show the 
greatest area occupied by the oldest member of the group. There 
are exceptions such as the Buphthalminae and Nassauviinse, but 
these are peculiar groups, and their rejuvenescence to give larger, 
wider spread, more prolific races is in accordance with the general 
life history of a race as given by Bentham. 

One point, however, requires consideration. Bentham regards 
these “ decaying races as ancient, but the facts of the individual 
cases show that they are more probably derivative races, arising 
coipparatively recently from the widespread vigorous races. In 
Bergson’s phraseology they are the last, small reverberations of the 
explosions which scarcely interrupt, and certainly do not stop, the 
progressive unrolling of the main theme. As a rule one genus in 
each restricted sub-tribe is closely allied to the immediate ancestor 
of the sub-tribe and, retaining the relatively primitive condition, 
physiological and otherwise, is capable of expansion, while the 
other more distant derivatives. remain restricted more or less to 
their original sphere. Whether these restricted forms are really 



210 Geographical Distribution. 

dying out or not is uncertain ; the only relevant evidence is that 
given by Willis for the absence of any considerable dying out in 
the Angiosperms (77). 

If the facts of distribution of the sub-tribes as given in the 
maps and Section C are compared with the phyletic scheme (Pig. 
7) it will be seen that only in a very few details does the scheme 
fail to answer the test of geographical distribution. 

Senecionece. The Senecioninae have all the characteristics of a 
primitive race, either from the “ Age and Area ” point of view or 
from Guppy’s “ Differentiation ” point of view. The Liabinae (Fig. 
30) in the Andine region, the Tussilagininae in the Asiatic region, 
and the Othonninae in South Africa all arise at points where 
specific differentiation in Senecio is well developed. 

Cichoriece. The Mediterranean centre for the majority of this 
tribe and the comparatively restricted area of most genera and 
species is in accordance with its suggested recent origin from the 
Mediterranean Senecioninae. 

Cnlendulea. The South African centre for this tribe and its 
marked restriction in area, in addition to its close similarity to the 
Senecioneae in morphology and physiology, suggest an origin from 
the South African Senecioninae at a date even more recent than 
that of the origin of the Cichorieae. 

ArctoHdece. The South African centre and the distribution of 
this tribe suggest an origin very similar in source, time, and place to 
that of the Calenduleae. The wider areas of Ursinia, Arctotis and 
Berkheyn confirm the positions of the Arctotidinae and Gorteriinae, 
while the restriction in area of Gmidelia and Platycarpha confirms 
the position of the Gundelilnae. 

Anthemidece. The Mediterranean centre and wide distribution 
of a number of genera In this tribe suggests an origin from the 
Senecioneae of that region at a time previous to the origin of the 
Cichorieae. The wider distribution and larger development in 
South Africa of the Chrysanthemidinae (Pig. 32) confirm the 
suggestion made in Chapter IV, P, of the primitive position of at least 
the main genera of that sub-tribe. 

Inulea. The Gnaphallinae are confirmed as the primitive sub- 
tribe, but the Eu-gnaphalieae are shown to be the primitive section of 
the sub-tribe. In various morphological characters the Helichry- 
seae as a whole have appeared to be more primitive, but at this 
stage it is permissible to compare the main genera rather than the 
groups as a whole, because the smaller genera are seen to be little 
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more than local variations of the larger genera. Gnaphaliuni, with 
a wide distribution (Pig. 33), with type IV style, type 10 stamens, 
simple setose pappus and foveolate or naked receptacle, is obviously 
more primitive than Helichrysuni, which does not extend to 
America and which has type IV style, type 13 or 14 stamens, simple 
setose pappus, and a naked, foveolate or alveolate receptacle. Five 
of the Old World genera of the Bu-gnaphaliese extend to America 
and only one Old World genus of the Heliclirysese. The Helichryseae 
in America are limited to two genera, while there are about 
a dozen Bu-gnaphaliese. 

The separation of the Angianthinse (Australian) from the 
Relhaniinse and Athrixiinse (South African) which was suggested 
in Chapter VI, C, is confirmed. The arrangement of the other sub* 
tribes is in accordance with the facts of distribution, especially the 
suggested origin of the Buphthalminse from the Inulinse ; both are 
Mediterranean with extension to South Africa and the latter sub- 
tribe has the wider area. 

Cynarea, The derivation of the Centaureinse from the Buph- 
thalminse is confirmed by the co-incidence of the centres of those 
two sub-tribes. The relatively primitive position of the Centaure- 
inse and Carduinae is confirmed by the extension of these two groups 
into America, while the other two are limited to the Old World. 

Mutisiece. The derivation of the Nassauviinse from the 
Senecioninse is confirmed by the co-incidence of centres of concen- 
tration in these two groups. The primitive position of Trixis in 
the Nassauviinae is confirmed by its comparatively wide area ; the 
position of Mutisia and Onosens as the basal genera of the Onoser- 
idinse (cp. Chaps. IV, P, and V, C-D) is confirmed by the wide 
South American distribution of these two genera. The distribution 
of the genera of the Onoseridinae and Gochnatiinso is also in 
accordance with their origin from Mutisia ; Chuquiragua in South 
America and the Ainslicea-Dicotna plexus in the Old World are 
indicated as the primitive genera of the Gochnatiinae. The distribu- 
tion of the Gerberinae is in accordance with the origin of that sub- 
tribe from Otioseris ; Chaptalia with a wide distribution connecting 
with Gerbera in the Old World forms the primitive plexus of the 
subtribe. The Barnadesiinae are probably a group which has arisen 
independently of the rest of the Mutisiese in the same place from 
the same source, but probably at a later date. 

As the Mutisiese develop chiefly in tropical and sub-tropical 
America and Africa, it is probably a result of their physiological 
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differentiation that present conditions make the Alaska-Siberian 
bridge impassable for this group. The probable use of the bridge 
before the last period of glaciation in the north is indicated by the 
distribution of Gerbera and Trixis (Pig. 35) and by th^ close affinity 
of the wider spread genera of both hemispheres in each of the sub- 
tribes which reach the Old World. 

Vernoniea. The derivation of the Vernoniin% from the 
Liabinse is confirmed by the very close proximity, if not the actual 
co-incidence, of the centres of origin of these two sub-tribes (Pigs. 
30 & 36). The derivative position and relative youth of the 
Lychnophorinse are confirmed by the smaller development of this 
sub-tribe in those regions where it occurs, and by the absence of 
any considerable development to compare with the tropical 
African concentration of the Vernoniinae. 

Asterea. Various suggestions have been made for alterations 
in the positions of the sub-tribes in the Astereae (see Chapter IV, D 
and Chapter V, D). The evidence of the distribution is also some- 
what uncertain. The origin of the Homochrominte from the 
Senecioninae is confirmed by the co-incidence of the centre of 
origin of the former with a large concentration of the latter in 
Mexico and the U.S.A. The predominance in genera and species 
of the Homochrominas over the Heterochrominae in the region of 
origin supports the relative age of the former, while the wide dis- 
tribution of the latter suggests that it is the group which has given 
most of the other sub-tribes. 

The greatest development of the Baccharidinae coincides with 
a considerable development of both the basal sub-tribes (Pig. 37), 
so that the evidence of structure decides the balance in favour of 
the Heterochrominae as the source of that sub-tribe. The African 
development of the Conyzinae and Orangeinae confirms the origin 
of these sub-tribes from the Heterochrominae as suggested (Chapter 
IV, D). The Mexican concentration and wide area of the Bellidinae 
confirm the origin of this sub-tribe from the Homochrominae, as 
suggested (Chap. V, D). 

Eupatorieet, The co-incidence of the chief centre of the 
Ageratinae with one of the most important centres of the 
Heterochrominae confirms the origin of the former sub-tribe as 
suggested in Chapter IV, P). The wider area of the Ageratinae 
compared with that of the Adenostylinae or Piqueriinae and the 
co-incidence of all three centres in the Mexican region confirms the 
derivative position of those two sub-tribes. The exceptional 
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distribution of AdenosUmtna viscosum (Piqueriinse) is clearly the 
result of its very effective means of dispersal (IV, 98.) 

Helianthea. The wide areas of a number of genera in the 
Verbesininse (Pig. 39) and the slightly less wide distribution of 
the CoreopsidinsB confirm the basal positions of those two groups. 
The Mexican centres and distribution of the Madiinse, Zinniinse 
and Lagasceinse, and the Mexican-West Indian development of 
the Milleriinse confirm the positions of these sub-tribes. The 
Chilian centre of the Petrobiinae co-incides with a considerable 
development of the Verbesininse. The position of Petrobium on 
St. Helena can only be accounted for by a polyphyletic origin of 
this sub-tribe : the probability of polyphylesis will be considered 
in the next chapter. The wide distribution in America of the 
Oalinsogitise and their diffuse development from the U.S.A. to the 
Andes confirms the direct origin of this group at a comparatively 
early date from the Verbesininse. 

Heleniea. Except for their almost complete absence from the 
U.S.A. the Tagetinse show a remarkable similarity in their distribu- 
tion to that of the Galinsoginae, so that the origin of the former 
from the latter sub-tribe is more or less confirmed, but the facts of 
distribution would also support an origin of the Tagetinae from the 
Senecioninae as suggested in Chapter V, D. The Mexican centres 
and areas occupied by the other sub-tribes are in accordance with 
their relationships, as suggested in Pig. 7 and modified in Chapter IV, 
D. The extension of yauniea and other details of the distribution of 
the Jaumeinae confirms the suggestion (Chapter iV, D) that this sub- 
tribe arose not later lhan the Baeriinae. The independent origin 
of the Heleniinae suggested in Pig. 7 and confirmed in Chapter III, B, 
is in accordance with its distribution, which is more like that of the 
Baeriinae than that of the Tagetinae. 

Conclusions. It is clear, therefore, that (except for the 
derivation of the Conyzinae from the Homochrominae and the 
reversal of the positions of the sections of the Gnaphaliinae) the 
views on the origin and development of the tribes of the Com- 
positae which have been given in Pig. 7 (Chapter II) and modified 
slightly in subsequent chapters receive complete confirmation in 
considerable detail from the study of the geographical distribution 
of the family. 

The value of the graphic method of using maps for each genus 
or tribe, instead of the statistical method used by Bentham, is 
clearly proved. 
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The elucidation of the principle of physiological differentiation 
and restriction of area enables us to understand many peculiarities 
of distribution. 

The usefulness and fundamental truth of the Law of Age and 
Area in its wider application to absolute age and total area are 
demonstrated with a considerable degree of certainty by the 
striking way in which the action of the law can be traced as agreeing 
with the phyletic conclusions based on the floral morphology and 
physiology of the family. 
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Chaptbr XI. 

THE ORIGIN OF THE COMPOSIT.®. 

I N the previous chapters phylesis has been studied by the 
methods of comparative morphology, and a comparison of 
the details of the movements of the styles and stamens has 
been added. The conclusions arrived at have been tested by the 
geographical distribution of the groups (Chap. X). The phyletic 
data which have been elucidated would seem to support the origin 
of species by mutation and by the direct action of environment 
Evidence is also given of the action of the Age and Area Law and, 
to a certain extent, the Differentiation Theory of Guppy is sup* 
ported. It appears that Natural Selection has acted only on broad 
lines, such as the large development of Compositse in the best 
situations for the dispersal of the fruits, and the selection of the 
mountain ranges as the path of migration. 

In view of the multiplicity of evolutionary theories at the 
present time it is necessary to examine these and to endeavour to 
state precisely the evolutionary theory which appears to be most in 
accordance with the results of the present study before proceeding 
to any detailed enquiry on the actual origin of the family. The 
problem of this origin has four main facets — (1) Prom what group of 
plants did the family arise ? (2) By what method ? (3) In what 
region ? (4) At what geological time ? The first three points are 
discussed in the present chapter, the second being taken before the 
others in order to make the discussion of the first problem more 
circumscribed and precise. A brief summary of previous views on 
the origin of the family is given in the first section. 

A. History. 

Linn6 (1, 59, p, 415) classed Dipsacus and fasiom with the 
Compositse in his Communes ” and later (1, 59, p, 441) he placed 
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Lobelia and yasione in the Syngenesia. These suggested affinities 
cover the range of almost all subsequent views on the origin of the 
Compositae. Allen (IV, 1) covers even a wider range when he writes 
of the “ closely allied Dipsacese, Valerianeae, Lobeliaceae and 
CampanulacesB.*' 

The Dipsaceous origin is upheld by Bessey (I, 10) and by 
Bentham (I, 8), see Chap. I, B. The latter, although he classed the 
Compositae with the Dipsaceae in the Asterales and was “ unable to 
see any grounds for supposing, with Delpino, that the Lobelieae 
are the parents of the Compositae” (6, p. 8), gave the other 
view in his phylogenetic scheme (Chap. 1. Pig. 2), where he follows 
Cassini (Chap. I, Pig. 1) in suggesting an affinity between the 
Cichorieae and the Campanulaceae through the Lobelioideae. 

The origin of the Compositae from Lobeiioideae has been up- 
held by all other writers on the subject, beginning with Batsch (see 
Chap. I, B). Oelpino (Chap. I, Tab. Ill), Hdck (I, 41), Wernham 
(Chap. I, B), Hailier (21-22 and 1, 38) and Bugler (1, 30) are others 
who have expressed this view. 

The present writer has suggested other points of affinity be- 
tween the Compositae and the Lobeiioideae (IV, 74, p. 198 and III, 
49, p. 267), but the most detailed comparison yet made is by Kirchner 
(33). This author follows the development of the various genera of 
the Campanulaceae into the Compositae and a summary of the points 
which he finds to be common to the two groups may be useful. These 
are (1) protandry, (2) pollen presented on outside of style, (3) 
autogamy by curving of style, (4) capitula as in yasione and Phyteuma, 
(5) syngenesy which is suggested in Jasione and accomplished in 
Symphandra, (6) nectar stored in the narrow, lower part of the 
corolla tube as in Trachelium and Compositae, (7) nectary at the 
base of the style as in Ademphora and Compositae. 

No other family except those mentioned above has been seriously 
considered as the source of the Compositae, and although some may 
show involucrate heads, syngenesy etc., these characters occur com- 
bined with numerous others which are quite different from those of 
the Compositae, while the remarkable number of characters which 
are common to the Lobeiioideae and the Compositae leaves veiy 
little doubt of the true affinity of the two groups. 

B. Thboribs op Evolution. 

Although the literature of evolution is extensive very few 
ivriters give a general account of modern theories, and none except 
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Bergson has yet attempted to expound a synthetic theory. This 
exposition by Bergson of evolution (7) is only partly scientific ; it is 
rather metaphysical and transcendental as beseems the work of a 
philosopher. It is, however, of the greatest importance to the 
student of evolution who desires to appreciate the true meaning of 
the development and progress of life. 

Perhaps this brings the expression “ life force ” to the mind 
of the reader ; if so it is necessary to point out that the original 
phrase “ un 6lan de la vie ” is translated by “ vital impetus ” or 
“ impulse of life ” and not by “ life force.” These phrases give a 
better idea of what Bergson means than the popular “ life force ” 
does (cp. 47). 

According to Bergson (op. cit., p. 103) evolution “proceeds 
rather like a shell, which suddenly bursts into fragments, and these 
fragments, being themselves shells, burst in their turn into fragments 
destined to burst again, and so on for a time incommensurably long. 
We perceive only what is nearest to us, namely, the scattered move- 
ments of the pulverized explosions.” 

Other general accounts of less importance are given by Bernard 
(8) and the writer (47), and various aspects are treated by different 
authors in Darwin and Modem Science (45). 

Natural Selection. 

The theory of the origin of species by the elimination of all 
except the fittest pf a series of infinitesimal variations (II, 16) has 
been widely accepted since 1858, but few recent experimentalists 
support this view, although not many deny it altogether. 

One of the few supporters is Stout (50-51) but there is much in 
his work on Cichoriuin that requires revision. For example, he 
makes a strong point of the fact that the mode of the flower number 
per head in Cichorium does not fall in the Fibonacci series. The 
vast majority of the data refer to the ray florets (which are not 
present in Cichorium) and, as Church (IV, 18, p. 116) has shown, 
the Fibonacci series in the number of rays depends on the 
number of long spirals in the inflorescence and the sub-division of 
these spirals according to the 2 : 1 : 2 : 1 : 2 arrangement (see Chap. 
VIII). The number of spirals in the disc is definite and usually 
in the Fibonacci series but the number of flowers in each spiral is 
very indefinite (cp. IV, 18, p. 133). There is, therefore, no 
apparent reason why the total flower number per head should be in 
the Fibonacci series or discontinuous at all, although the discon- 
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tinuity in the number of ray florets and the occurrence of Fibonacci 
numbers among them is abundantly proved. 

Willis (58-60, X, 74 and IV, 93) is one of the few who have 
in recent years written for the specific purpose of controverting 
natural selection but many have expressed doubts as to the causative 
action of such a negative principle as elimination. Walton (54) 
writing of the direct connection between the rotation of the earth 
and the rotation of aquatic micro-organisms says “ Any attempt to 
account for it on the basis of natural selection can scarcely gain 
credence.” The denial of the theory is also not uncommon among 
amateur naturalists who have spent many years in close observa- 
tion of wild life. Thus Fountain (16), as a result of his observations 
on the celerity with which animals detect their prey in spite of so- 
called protective colouring, regards the whole theory of protective 
colouration as the result of insuflicient observation in the field 
followed by inaccurate fireside reasoning, and pours scorn on the 
the natural selectionists in general (cp. op. cit,, p. 95). 

The elimination of the unfit by natural selection is a biological 
axiom which is not controverted by anyone, but its effect as 
an originating cause of species is not so evident. 

Hybridisation 

The most extreme views on the theory of the origin of species 
by hybridisation are expressed by Lotsy (35-36). This theory 
receives substantial support from the well-known and completely 
proved phenomena of Mendelism and from the work of Jeffrey and 
his collaborators (29, etc.). In spite of the extremeness of his 
views Lotsy has given definitions of “ Linneon ” and “ Jordanon ” 
(36) which should prove very useful if applied in future experimental 
work, since he distinguishes carefully between taxonomic species 
and genetically pure species. 

It seems very clear from the Mendelian work that distinct 
forms or even species may arise by Mendelian segregation and re- 
combination. The segregates of Senecio vulgaris obtained by Trow 
(IV, 84) would almost certainly have been described as separate 
species if they had been examined and described in the usual way 
by the usual taxonomists. Cockayne (X, 15) gives specific cases of 
confusion between hybrids and true species. 

The^cytological work of Morgan and others (38-39) has furnish- 
ed a reasonable foundation in structure for. the origin of very 
varied types by Mendelian. segregation. The origin of new 
characters which is necessary for progress is not, however 
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explained by Mendeiism (cp. II). This difficulty is avoided by 
some Mendelians who claim that little or no progress but only loss 
of characters and diversification have taken place (cp. Batesoni 35, 
p. 89). 

An interesting point is the variability of Mendelian factors or 
genes. That they are invariable is accepted more or less as an 
axiom by many Mendelians and the point was made precise by 
Johannsen (31) in the theory of pure lines or genotypes. Cockerell 
(IV, 19), who finds that a few genes or potentialities can give many 
varieties, concludes that new genes, though rare, do occur in the 
annual sunflowers. The variability of genes is upheld by Castle 
(12), and also by Stout (50) and Harris (23*24) : the last two authors 
criticise Johannsen’s work and the genotype theory very adver8ely,and 
this criticism is supported by the details of Jennings' work on 
Paramacium (30 and Gates 35). 

Mutations. 

That mutations or discontinuous variations occur in the 
Compositae is clear from the evidence which has already been men. 
tioned (see Chap. IV, A). The truth of the phenomena described 
by be Vries (IV, 87*88) has never been denied, but Mendelians 
claim that ail the phenomena can be explained by hybridisation and 
subsequent segregation, with occasional loss of genes (cp. 35). 

White (56) claims priority for his observations (1898*99) of 
mutations in Lycopersicum. Cockayne (X, 15) makes a similar claim 
for Armstrong (1881). Davenport (14) mentions mutations which 
are sterile with the parent species (the accepted proof of specific 
differentiation). Willis throughout his work on Age and Area 
supports the views of De Vries, especially in his earlier papers 
(58*60, X, 74 and IV, 93) and in his special studies of the hiil*top 
floras (IX, 43*45). The facts in the latter papers are supported by 
those given by Gibbs (X, 31). 

Two interesting points are mass mutation and tetraploid 
mutation. The former is described by Bartlett (3*4) as the produc* 
tion of a large proportion (sometimes 1(X)% of progeny) of mutants 
from certain parents. These mutants ara themselves very 
unstable but do not throw off the type form of the species. This 
phenomenon is inexplicable by Mendelian segregation, but the loss 
of a factor giving a 100% mutant progeny is quite in accordance 
with Mendelian ideas. Mass mutation is also another possible 
reason for the occurrence on islands of endemic species of genera 
which are otherwise unrepresented in the same region (cp. 
Differentiation, Chap. X, A). 
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Tetraploid mutation giving pairs of species, one species usually 
larger in every way than the other, is described by Oates (IV, 32) 
who also gives a general account of the part played by mutation 
in evolution (18) and applies the conception very successfully and 
in considerable detail to special systematic groups (X, 28*29), thereby 
proving that the theory of mutation is distinctly useful in the 
study of the details of classiflcation. The mutation in this case is 
frequently, if not always, to be interpreted as a result of hybridisation 
(see Chap. XII, B). 

The occurrence of mutations in the Compositee is either suggest- 
ed or proved by many observations (see X, 59; VI, 15; IV, 8a, 40, 
45, 66, 68, 82 and 84). Besides Oenothera, the Compositee and the 
cases given by De Vries (IV, 87*88), there is Capsella Hoeggeri (49)i 
C. Vigueri (9), fuglans (1), Matthiola (17), Solatium (26), Gossypium, 
(32), Pleodorina (20) and Drosophila (38). Pew cases (cp. Lotsy, 
35) of progressive mutations from a pure, homozygous stock have 
yet been thoroughly proved. Retrogressive mutation by the loss or 
suppression of a factor explains most, but not all, the cases which 
are inexplicable by segregation, 

Orthogenesis, 

According to Bergson, orthogenesis or •• the continuity of 
direction of successive mutations ” is due to the direction of the 
*' dlan originel de la vie," but somewhat less metaphysical ground 
is adopted by Wernham (I, 88, p. 136), who says that “ Critical 
tendencies are no less important than critical characters,” and 
also that “ In the progeny .... the characters are constant and 
completely evolved: and the line which unites ancestor and 
descendants represents the transition between tendencies and 
their realisation,” To the student of Bergson the “ tendency ” is 
clearly the direction of the " becoming ” and the fixity of the 
characters in the progeny is a lapse on the part of the author 
into the artificial, cinematographic point of view which is the 
normal attitude of the scientist, 

The importance of orthogenesis in evolution is emphasised by 
Himmelbauer (X, 39) and Benedict (6). The facts given by the 
latter are very striking and his phrase " orthogenetic saltation ” 
summarises very aptly in scientific phraseology Bergson’s view of 
evolution as a combination of “ dirouletneut ” and " diclanchement,” 
the unrolling being orthogenesis and the explosion resulting from 
the “ diclanchement ” being saltation or mutation (cp. 7, pp. 78 
and 91), 
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> Coulter (13) defines orthogenesis ns *' progressive evolution in 
a given direction, in contrast with the more or less successful 
variations in several directions involved in the theories of natural 
selection and mutation.” He considers orthogenesis to be a response 
to evolution of climate (cp. X, 43, Chap. XXX), i.e. to ** a persis- 
tent change in the conditions of living.” This, as he points out, 
makes orthogenesis a physical rather than a vitalistic phenomenon 
and such a view explains most, if not all, orthogenetic 
development. 

Throughout the Compositae Coulter’s explanation is satisfactory. 
Such cases as the tendency to dorsiventrality in the Tristichacese 
and Podostemaceae, however, seem to require correlation in 
addition to epharmosis for their complete explanation. It is note- 
worthy also, that most lines of orthogenesis can be explained by 
loss of factors. All the cases of reduction or aggregation of parts, 
which form the chief examples of orthogenesis, are clearly retro- 
gressive mutations, e.g. the keynote of the evolution of green plants 
is generally recognised to be the progressive sterilisation of 
potentially reproductive cells. 

Epharmosis 

In its original sense, as used by Vesque (53) epharmosis is 
distinguished from adaptation ; adaptation is described as the effect 
of epharmosis after the effect has been transmitted by heredity and 
fixed by selection (op. cit., p. 44), but it is proposed to use the term 
epharmosis here as meaning the act of developing epharmony in 
Cockayne’s sense of the word (see above. Action of Environment, 
Chap. X, A). This limits epharmony to adaptations which are the 
direct result of an environmental stimulus and excludes such 
changes as may be due to mutations or other spontaneous varia- 
tions, and which may happen to be advantageous, vvhile at the same 
time it removes the distinction between fixed and unfixed variations. 
There is as yet no direct evidence either for or against the fixation 
of epharmonic characters, but there are a large number of facts, 
which can be used to prove the probability of such fixation in 
plants. 

The powerful effect of environment in producing advantageous 
modifications of structure or physiological behaviour is implicit in 
much of the theorising on the origin of land plants. It is very 
significant also that Sargant, Hill, and Henslow, with three different 
theories, all attribute the origin of monocotyledony to an action of 
environment, which in all three cases^ is more or less direct (see 
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Bancroft, 2, and Sinnott, 46, p. 566). Jordan apparently had some 
idea of epharmosts when he wrote (X, 44, p. 17) Si I’on entend que 
la selection naturelle ou selection inconsciente de la nature, comme 
disent Darwinistes, 8*op6re indJpendamment des causes ext4rieures 
il sufflra de faire remarquer que cette si^lection n’existe pas.” 

It is noteworthy that ecologists and most botanists who have 
made a careful study of plants in the field are among the chief 
supporters of the causative action of epharmosis in the origin of 
species. Spruce (X, 69, Vol. 11, p. 357) says “ Of the riparial plants, 
nearly every species has its congener on terra firma, to which it 
stands so near that, although the two must of right bear different 
names, the differences of structure are precisely such as might have 
been brought about by long exposure even to the existing state of 
things, without supposing them to date from widely different 
conditions in the remote past.” Warming (X, 71, Chap. 100) gives 
a summary of various aspects of epharmosis, a term which he uses 
for self-regulation or direct adaptation, implying in his expression 
“ they directly adapt themselves ” a metaphysical view of evolution 
closely akin to that of Bergson. The definition given above in 
accordance with Cockayne’s view does not imply any teleological 
action. 

Warming gives many references, one of the most important 
being Goebel (19). Some of the points he mentions may be applied 
to the Compositse — (1) illumination altering leaf-position, e.g. the 
compass-plants, Lactuca Scariola and Silphium laciniatum ; (2) 
aerial and subterranean conditions as affecting external structure, 

e. g. various Composite (X, 19) ; (3) epharmonic xeromorphy, e,g. 
various Compositse (see 41 and X, 6, 16, 36, 48, 51,56, 60 and 63) ; 
^4) hydrophytes : the changing of Polygonum amphibium in a few 
weeks from the land-form to the aquatic form is paralleled by the 
even more striking case of Cnicus arvensis (X, 18, and Chap. X, A), 
(5) changes in food-supply inducing distinctions in floral structure, 

f. g, Dimorphotheca pluvialis (Chap. IV, C) ; (6) internal structure 
as affected by external conditions, e,g. Raoidia, Senecio, etc. (X, 26 
etc.) ; (7) plasticity of biological characters, e.g. action of climate on 
irritability (see Chap. Ill, especially rorema and notes 14, 15, 18, 31 
and 33) ; (8) specially marked plasticity and genera in a condition 
of active evolution, e.g. Hieracium (II, 55). 

Warming (loc. cit.) mentions that epharmosis is more or less 
confined to the vegetative organs and to the metabolism of the 
plant. ”The flowering shoot in its development follows laws 
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that, in some ways, differ entirely from those concerning 
vegetative organs.” The effect of food and light on the corolla 
in the Compositse has already been noted (cp. Helianthus, V, 21 and 
Chap. IV), and that external conditions may have a marked effect 
evenon the inflorescence in the Compositse is shown by the production 
of a solitary capitulum, instead of a compound inflorescence, in 
Rudbeckia under adverse conditions ,(iV, 44), by the seasonal 
variation in the number of ray and disc florets described by Nakano 
(Vlil, 19) and others, and also by the floral changes produced by 
injury (IV, 23), grafting (IV, 24) and parasites (IV, 55-S6a). That 
the modifications caused by the environment in such details are of 
taxonomic importance is shown by the fact that hairs may be 
diagnostic characters, e.g, in Senecio (25) ; many of the other 
characters are also used in diagnostic keys to the species. 

The permanence in heredity of epharmonic variations is 
accepted by Warming as proved, but more detailed evidence on 
this point is given by Henslow (27 and X, 38). Cockayne (X, 
15, p. 13) cites quite a number of workers who have given reasons 
for their adherence to this neo- Lamarckian doctrine. Even 
Weismann was “ driven to the conclusion that the ultimate origin 
of hereditary individual differences lies in the direct action of 
external influences upon the organism ” (55, p. 279 and cp. Mac- 
bride, 35). Whether such inheritance of acquired characters is 
true or not for the species or genotypes (Jordanons, etc.) as 
defined by the Mendelians, it seems certain that many taxonomic 
species (whicliare based on morphological structure and which 
have not been ^amined genetically) are the result of the direct 
action of the environment 

The remarkable plasticity of the Compositse is apparent 
throughout most of the work on epharmosis. For example, the 
Compositse give more than one-seventh of the species in New 
Zealand (X, 93, p. 278), but this does not altogether account for 
the fact that Cockayne draws examples from the family for every 
one of his sections on response to ecological factors (X, 15, pp. 
15 sqq.); soil — Cotula Haastii,C. Featherstonii, Senecio antipodus; 
light — Olearia insignis', wind — Olearia ilicifolia; water — Cotula, 
coronopifolia ; altitude— argentea ; as well as for the after- 
effect of stimuli— 0/eofta Lyalli, 0. Colensoi; for convergent 
epharmony— CWmm’a, Haastia, Psychrophyton, and for persistent 
juvenile forms — Helichrysum, 

The most recent example has been worked out by Wall (58a), 
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who has shown that two New Zealand species of Senecio, S. 
saxi/ragoides and <S. lagopus, are mtcrospecies of the same 
aggregate. They are distinguished only by the sparseness or 
abundance of the bristle-like, glandular hairs on the leaves. 
"Those differences in degree, being certainly hereditary, con- 
stitute true unit characters.” It is further suggested that the 
difference is " of climatic origin ” and that “ the drier climate of 
the Port Hills has directly determined the development of 
S. saxi/ragoides.” 

Other papers of interest in connection with epharmosis are 
by Harshberger (X, 35), Raunkiaer (43), Poole (42), Bonnier (X, 
8-9), Cockayne and Poweraker (X, 17), Dauphin^ (X, 22), 
Poweraker (X, 26), Gates (X, 27), Harris (X, 33), Oger (X, 56), 
Schroter and Hauri (X, 60), Shreve (X, 63-64), Sinnott and 
Bailey (46 and X, 5), Massart (X, 53), and Barnes (15). Por 
further literature the reader is referred to Goebel (19), Warming 
(X, 71), Henslow (X, 38), Cockayne (X, 15-17), Schimper (IX 
32) and De Vries (IV, 87, pp. 438 seq.). 

Isolation and Differentiation. 

A. Jordan’s theory of the origin of species by isolation was 
revived by D. S. Jordan (X, 45) and is expressed thus. “Given 
any species in any region, the nearest related species is not 
likely to be found in the same region nor in a remote region, 
but in a neighbouring district separated from the first by a 
barrier of some sort.” This is shown to be true for Eriodictyon 
by Abrams and Smiley (X, 1) and the idea is applied by some 
taxonomists, when they raise geographical forms to specific rank 
(cp. 37). It is not, however, recognised as a general truth in 
the plant kingdom, for as Lloyd (X, 47) points out, the more 
general phenomenon is the occurrence of the most closely 
related species in the same region. Cockayne (X, 15) gives a 
number of specific instances of the occurrence of closely related 
species side by side in the same region and quotes Leavitt (34), 
who considers this phenomenon to be evidence in support of the 
action of mutation rather than that of natural selection or 
epharmosis. “Mutation breaks the species, and momentarily at 
least must give a polytypic aspect to the group within a specific 
area” (foe. ctf.p. 211). 

The theory of “the diffentiation of primitive world-ranging 
types in response to the differentiation of their conditions” 
Guppy, IX, 22, p. 313) has already been mentioned (Chap. X, A) 
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and is closely akin to the action of isolation and epharmosis. 
Of these theories which attempt to explain more or less the same 
phenomena, epharmosis is supported by the must conclusive evidence. 
Even Andrews (X, 3-4), who is quoted by Guppy in support of 
his theory writes (X, 4, p. 536) of “ an organic response to 
severer conditions of climate and to a greater poverty and 
porosity of soil.” 

Fountain’s opinion is interesting as that of an amateur, who 
knew little of botany and less of the literature of epharmosis. 
He writes (16, p. 227) “In fact, the peccary, as all, or nearly ail, 
other animals bears out my theory that species (that is 
variations from original types) are the outcome of locality, and 
not of ‘ natural ’ or any other kind of ‘ selection.’ ’’ 

Coticlusions, 

The action of orthogenetic saltation is discussed by Davenport 
(iV, 25), whose chief point is that internal laws give a breaking up 
of the complex germ plasm. He gives the origin of radium as an 
analogy but does not develop the analogy in the detail which it 
deserves. 

Considering the “evolution” of the Uranium-Actinium Series 
(Pig. 41),' it will be noticed that, whereas some of the elements (to 
be regarded as species) have a long life, others are very unstable and 
exist only for a short time. Orthogenesis finds its analogue in the 
straight series from Uranium 1 to Radium C (Fig* 41) and from 
Thorium to, Thorium C (Pig. 42), each step in the series being 
dependent on the preceding steps. Divergence of types finds its 
analogue in the splitting of Radium C (Fig. 41) and of Thorium C 
(Fig. 42) to give two distinct series each. The irreversibility of 
evolution (cf. 41a) is the same as that of the disintegration series. 

Both infinitesimal variation and mutation have analogues, the 
former in those cases where the imponderable particle is thrown 
off, giving a new form and the latter in those cases where a 
perceptible explosion takes place and the helium particle is 
thrown off. It will be noticed that it is always by loss of something 
that a “ mutant ” arises. It is perhaps stretching the analogy too far 
to extend it to cytology, the first case corresponding to the loss 
of one gene from a chromosome and the second to the observed loss 

' I am indebted to Dr. J. P. Spencer for the details given in Figs. 41-42 
The times given are half life-periods, or the time taken for 50% of any given 
quantity of an element to change into the next of the series. The numbers within 
the circles are the atomic weights. The particle is imponderable and the ot 
particle (helium) has an atomic weight of 4. The dotted lines indicate probable 
out unconfirmed lines of development. 
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analogy of a piece of music with its main theme and the variations 
but applies it in rather a different way. He agrees with Bergson, 
however, in regarding evolution as a dual process. That the 
analogy of a stream cannot be followed without reserve is clear 
from the passage quoted at the beginning of Section B and from 
another which emphasises the part played by contingency in 
in evolution; “Two things only are necessary: (1) a gradual 
accumulation of energy ; (2j an elastic canalization of this energy 
in variable and indeterminable directions, at the end of which are free 
acts.*’ 

If we place a number of water-falls and anastomosing back 
waters at intervals along the metaphorical stream, we get some 
approach to the “ explosions ” and “ free acts ”. Bergson’s view 
of evolution can then be translated into scientific phraseology thus 
— the smooth flowing stretches of the “ stream ’’ correspond to 
orthogenetic development ; the water-falls, explosions or free acts 
are saltations which give rise to the branches or back-waters of 
the stream ; the river bed with its sinuosities is the environment, 
which by epharmosis and elimination of the unfit keeps the stream 
within definite limits. In this way we get a synthetic, eclectic 
theory of evolution which includes all the diverse points of view 
and assigns to them their proper place in the complete scheme. 

In evolution by orthogenetic saltation', with epharmosis and 
elimination of the unfit exercising a directing and delimiting 
function on the actual forms assumed by organised life^ we have 
the best of Darwinism, neo-Lamarckism, neo-vitalism, Mendelism 
and the mutation theory. 

Something of this kind, but without the precision rendered 
possible by recent work is foreshadowed by Bentham (cp. quotation, 

^ Orthogenetic saltation may decide the inner constitution of a species, 
but the expression of that constitution is modified by epharmosis. Probably 
the inner constitution, as well as its expression in the form and structure of 
the plant, is altered by the cumulative eflPect of continued epharmonic adapta- 
tion The saltation may be either Mendelian or De Vriesian or both, Mendelian 
segregation having most evidence to support it as an originating cause of a large 
number of taxonomic species or even genera (cp. Rendle, 35). Progressive 
mutations seem to be as rare as the proved origin of new genes, but their 
rarity in quite in accordance with their place in the general scheme of 
evolution, as will be readily evident to anyone who tries to solve the 
Biochronic Equation of any highly orgatiised spcicies (see IV, 88, p. 674). It 
is remarkable how few characters which are not epharmonic are present in 
such a species and absent in others of lower systematic position. 

* It is certain at least that epharmosis and. to a lesser degree, natural 
selection, decide the habit and many of the details of the structure of a specieS} 
even if the genetic constitution remains the same throughout a series of 
variations, a supposition whi^h is, to say the least, unsupported by the 
necessary detailed evidence^ 
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Chap. X, A)( and by De Candolle (LX, 11, p. 1119), where after 
discussing the origin of species from one individual or from many 
individuals he writes “ J’insiste sur ces doubles explications.” 

C. The LoBBLioiDBiC. 

If the theory of evolution by orthogenetic saltation and 
epharmosis is sound, we should find the chief characters of the 
Compositse foreshadowed in the ancestral group. 

The general characteristics of the Lobelioidese as given by 
Schdniand (44) are the following: — Flowers usually distinctly 
zygomorphic, in a few cases unisexual ; almost without exception 
pentamerous ; calyx regular or bilabiate ; corolla usually tubular, 
often slit down one side, rarely with the petals quite free; stamens 
usually more or less fused with each other and sometimes with the 
corolla also; anthers always syngenesious, usually with hairs or 
bristles at the apex ; three anthers usually larger than the other 
two; style with a ring of hairs; ovary usually bilocular; fruit a 
berry or capsule, usually loculicidal at the apex, more seldom 
dehiscing laterally ; herbs, shrubs or trees. 

Gynaecium — To begin with the gynoecium, the ovary is inferior 
or semi-inferior and bi-carpeiiary and the ovules are anatropous, 
all as in the Compositse except the occasional semi*inferior ovary. 
Although the ovary is usually bilocular with axile placentation, the 
partition is incomplete in Rhiaocephalum and absent altogether in 
Apetahia which has numerous ovules on parietal placentae. A 
further stage is reached in Lysipomia where one loculus aborts 
and the ovules are few, grouped together on a more or less basal 
placenta (Pig. 43). If this is compared with the occasional 
occurrence of more than one ovule in the Compositee (cp. Don, 
Chap. II, A, and 182), especially with the case of a bilocular, bi> 
ovulate ovary in Senecio vulgaris (1,82), it will be clear that in this 
character there is a tendency in the Lobelioideae towards the 
condition in the Compositse. 

The style in the Lobelioideae has 8weeping*hairs on the outside ; 
these may be in a ring, as in Siphocampylus asper (Pig. 45) or 
scattered as in Lysipomia muscoides (Pig. 44). This should be com- 
pared with the types in the Compositae (Chap. 11, Pig. 5). The two 
style branches are usually shorter than in the Compositae, but they 
act as pollen-presenters in exactly the same way, even to the 
coiling back on themselves to give self-pollination. 

Aftdreecium— The syngenesy of the anthers is a well-known 
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feature of the Lobelioidese but the appendages are of scarcely less 
importance in view of the great significance of these structures in 
the Compositse. Apical appendages are present in most genera. 
In Siphocampylus some of the anthers have rigid, horny or 
membranous elongations of the connective, and the others have 
a tuft of hairs at the apex. There may be three teeth as in 5 
psilophyllus, S. asper (Pig. 46) and S. lantanifolius (Pigs. 47-48), or 
only two as in S. aggregatns (Pig. 50). The lateral anthers in 
S. lantanifolius have the appendages very slightly developed but 
it is quite clear in the median anther (Pig. 48). The appendages 
may be obtuse or acute (cp. Pigs. 48, 49 and 52). There are 
two teeth in Lobelia corymbosa (Pig. 51), Pratia macrodon (Pig. 52) 
and Rhixocephalum, and three in Laurentia repens. 



Pigs. 43-52, Floral details of the Lobelioideie. 

Fio. 43. Lysipomia tituscoides, ovary ; 44, ditto, style ; 45, Siphocampylus 
asper, style ; 46, ditto, apical part of anther tube ; 47, 5. lantanifolius, apical 
part of anther tube ; 48, ditto, median anther to show (a) appendage, and 
(p) pollen sacs ; 49, Laurentia repens, apical appendage of anther, SO, 
Siphocampylus aggregatns, style and stamens to show apical appendages , 51, 
Lobelia corymbosa, anther tube to show apical appendages ; 52, Pratia macrodon, 
two of the five appendaged stamens 

All five anthers may have hairy appendages and be more or 
less equal, as in Monopsis and Brighamia ; or the two smaller 
anthers only may be hairy, as in Clermontia, Delissea, Sclerotheca 
and Hovellia', or the condition may vary in the genus; all or only 
the two smaller anthers have hairy appendages in Cyanea and 
Lysipomia, or the appendages of these two anthers may be teeth or 
hairs, the other three being naked as in Pratia and Isotoma ; 
while in Centropogon one section has the two smaller anthers with 
teeth, another has them with hairs and the third has all five 
anthers with no appendages, at all. Lobelia shows a variation 
similar to that in Centropogon, In Hypsela there may be one tooth 
or a few bristles at the apex of the two smaller anthers, 
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Another point to be noticed is the incipient basal appendages 
in Pratia macrodon (Pig. 52), which are specially interesting as 
they occur where the filaments are free, a rather unusual condition 
in the Lobelioideae, where the fllaments are usually fused to form 
a tube. 

The frequent occurrence of apical appendages and the rare 
occurrence of basal appendages to the anthers in the Lobelioidese 
compare well with the prevalence in the Compositse of the former 
and the gradual development of the latter from a type in which 
they are absent. That the biological significance of the apical 
appendages is the same as in the Composite is obvious when the 
more or less horizontal position of the anther tube is noted together 
with the position of the appendages (cp. Pigs. 46, 47, 60 and 51). In 
the cases such as Lysipomia muscoides, where all the anthers are 
equally appendaged, the anther tube is usually, if not always, erect. 

Irritability of the style or stamens has not yet been observed 
with certainty (cp. 111,49, p. 267), but in Lobelia thapsoides and 
L. cardinalis a very slight touch on the filaments or anther tube 
is sufficient to produce the presentation of a small quantity of 
pollen. It has not yet been ascertained whether this is due 
to a contraction of the filaments, which are united into a tube, or 
to the delicate adjustment of the style with its sweeping hairs 
inside the anther tube. Observations on this point in the natural 
habitats of the species would be of interest (cp. Torenia, Chap. Ill, 
B). 

Corolla. Although typically bilabiate or irregular, the corolla 
is not infrequently almost or quite radially symmetric, as in some 
species of Centropogon, Siphocampylus (Pigs 53-55), Dialypetalwn, 
Laurentia, Hypsela, Lysipomia, Rhizocephalum, Isotoma, Brighamia, 
and Downingia. Indeed, there is a general tendency for the corolla 
to become more or less radially symmetric whenever the flowers 
become crowded or reduced in size (cp. Pig. 54 and Dialypetalum), 

fhe colours of the corolla are usually of the higher types, blue 
red or purple, but orange and yellow occur in some species of 
Siphocampylus, Centropogon, Heterotoma and Downingia. 

Calyx. The progressive reduction of the free lobes of the calyx 
from more or less foliose structures to mere undulations at the top 
of the receptacle is illustrated in the genus (Pigs. 53- 

55). The other genera show even more foliaceous sepals as a 
rule, but reduction is comparatively common ; the extreme condition, 
as in Pig. 55, is reached in several genera. 
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Inflorescence, Solitary axillary flowers occur in a number oC, 
genera ; simple and corymbose racemes are common. The tendency 
of the corymb to form a racemose umbel develops in various 
species of Siphocainpylus, including lautanifolius (Pig. 53), microstoma, 
corymbiferus, gracilis, aggregatus, and reticulatus, and also in 
Jasione and Phyteuma of the Campanuloidese (cp. also Campanula 
glomerata), A dense, short corymb which is a close approach to' 
a capitulum occurs in Lobelia corymbosa. The inflorescence of' 
Centropogon densiflorus varies from a short raceme almost to a 
racemose umbel, and the more umbellate it is the more flowers are 
ebracteoiate. This occurs in a number of other species of the genus. 



Bracts. The general tendency throughout the tribe is the 
same as in Centropogon : the closer the inflorescence approaches an 
umbel the fewer and more reduced are the inner bracts. This 
reduction of the bracts in Siphocampylus is more or less correlated 
with the reduction of the calyx (cp. Pigs. 53-55). Even in the 
simple racemes there is a tendency for the upper bracts to disappear, 
as in S. angustifolius and S. flagelliformis. 

Involucre, In the cases where the inner or upper bracts are 
reduced or even completely absent, the outer or lower bracts 
usually remain more or less foliaceous (cp. Pig. 53), although they 
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may reduced to a certain extent. Siphocainpylus reticulatus^ 
for instance, shows in some specimens an inflorescence which 
mifjht almost be described as an involucrate umbel. <S. corymbiferus 
also shows a very close approach to a capitulum, but the inner 
bracts and the calyx are only moderately reduced (see also 
Lysipomia ncaulis, X, 72, p. 198). In the Campanuloidese the 
involucre is diffuse in Phyteuma, uniseriate in P, comosuiii, biseriate 
in Hedraeanthus teuuifolius and multiseriate in yasione. 

Habit. A very good account^ of this subject is given by 
Bentham (6). The more widespread types are herbaceous/ 
perennials or annuals, as in the Compositae, and, as in that family? 
and many others, the insular species are more or less woody^ As 
in the Compositae also, the scrambling climbers are most abundant 
in open scrub and around the edges of the tropical forests, especially 
in South America. Erect woody forms occur at high altitudes, 
especially in the Andes, where the ericoid, abietoid and lycopodioid 
forms are very interesting. Similar forms occur in the Compositae, 
(see Chap. X and Weberbauer, X, 72, Pig. 26, C and P, Goebel, 
X, 32, PI., VIII, Pigs. 2a-2b and Schimper, IX, 32, Pig. 409). 
The perennial herbs develop large, coarse plants with a racemose 
inflorescence in some regions and the erect Lobeliae of Africa may 
be compared with the Ligulariae of Asia. It remains to note that 
the leaves are usually alternate. 

Latex. The occurrence of laticiferous vessels in the Lobelioideae 
is also of interest. Our knowledge of these structures in the 
Lobelioideae is by no means complete, and the absence of latex in the 
species of Rhizocephalum and a few other genera which have been 
examined is significant. Latex is present in some species of 
Siphocampylus, Centropogon and many other genera', Lysipowia does 
not seem to have been examined (see Chap. XII, C). 

Summarising the points In which the Lobelioideae show 
characters and tendencies, or lines of orthogenesis, leading towards 
the Compositae we have — 

1. Inferior or semidnferior ovary with anatropous ovules. 

2. Reduction of the quinquelocular ovary of the lower 
Campanuloideae to a bilocular ovary and Anally to a few ovules on 
more or less basal placenta. 

3. Bifid style with collecting hairs ; scattered or in a ring, and 
recurving of style branches to give ultimately self-pollination. 

4. Pollen-presentation mechanism, protandrous and the same 
in principle, with the nectary at the base of the style and a sugges- 
tion of irritability of the stamens. 
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6. Syngenesious anthers, stamens sonietimes epipetalous. 

6. Prevalence and varying development of apical appendages 
to anthers. 

7. Slight development of basal appendages to the anthers. 

8. Actinomorphy of corolla in lower Campanulacese, zygo- 
morphy with a return to actinomorphy, especially under conditions 
of reduced food supply (cp. Causal Morphology, Chap. IV,C) in the 
Lobelioideae. 

9. Variation in colour of corolla from yellowish>green to yellow, 
white, orange, purple, etc. 

10. Reduction of calyx limb under c*'owded conditions of the 
flowers, progressing to complete absent of free lobes. 

11. Progressive aggregation of the flowers with consequent 
reduction in corolla and calyx, together with the progressive 
disappearance of the inner or upper bracts of the racemose umbel. 

12. Development of an involucre, diffuse in the Lobelioidese 
but completely organised in certain special Campanuloideae. 

13. Alternate arrangement of leaves. 

14. Laticiferous vessels present or not (see Chap. XII, C). 

15. General habit and range of variation in habit. 

16. Haustorial antipodal cells and prominent integumentary 
epithelium of embyro sac (see Chap. XII, B). 

D. The Origin op Senecio. 

The above summary of the lines of orthogenesis in the 
Lobelioideae is in complete accord with the. basal position of 
Senecio, The floral characters would apply to the whole family 
more or less, but the complete disappearance of the free calyx limb 
affords additional evidence in support of the secondary nature of the 
pappus (cp. Chap. V and Chap. XII, D). The occurrence of the race- 
mose umbel as a form of condensed inflorescence is in accordance with 
the view expressed on the origin of the capitulum (Chap. VI, B.) 
The complete disappearance of the inner bracts is in accordance 
with the primitively naked condition of the receptacle and the 
atavistic nature of the receptacular paless (Chap. VII). The 
diffuse, slightly developed condition of the involucre in the umbell- 
ate Lobelioideae is in accordance with the view expressed on the 
primitively uniseriate pericline with a slightly developed calyculus 
(Chap. VI). The alternate phyllotaxis of the leaves is in accord- 
ance with the view expressed on the primitive phyllotaxis in the 
Compositse (Chap. Vlll), 

The range of habit is the same as in the Composite as a 
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whole but Siphocampylus shows a number of herbs with the 
common Setiecio habit, while a number of the arborescent species 
of that genus are very similar in general appearance to some 
arborescent species of Setiecio. We may also mention Isotoma 
senecioides (see 44, p. 66) with the habit of a weedy Seuecio. 

The final test, that of geographical distribution, may now be 
applied. In the Lobelioideae there are six genera endemic in the 
Sandwich Islands, one in the Company Islands, and one in 
Madagascar. Of the other local genera one is Mexican, one extends 
from Abyssinia to South Africa, another from South Africa to 
Australia and three, Lysipomia, Hypsela and Rhizocephalum, are 
Andine. Isotoma has six species in Australia and one each in the 
West Indies and the Company Islands; Laurentia extends from 
North America to the Mediterranean and- South Africa, and Lobelia 
is widespread, occurring in the Old World and in South America. 

The genera which show the best development of anther 
appendages, aggregation of the flowers, etc. are the three Andine 
genera and the remaining widespread genera. These are Pratia, 
which extends from South America to Australia and tropical Asia, 
Downingia, which extends from Oregon and California to Chili, 
Centropogon and Siphocampylus, both of which extend from tropical 
South America to Central America and the West Indies. These 
last two genera have about 100 species each and show many of the 
above-mentioned tendencies. It should now be clear why the 
north of South America was taken in Chap. X as the centre of 
origin for Senecio, 

I will now try to help the student to visualise the origin of the 
first Senecio as a living, moving process— in fact attempt the kind of 
presentation which has already been advocated in this journal. 
This attempt being necessarily descriptive cannot be other than 
cinematographical, but with a little mental effort and a little study 
of Bergson (7, pp. 314—330) the student may be able to perceive 
the “becoming” from Siphocampylus to Senecio, It will be 
sufficient to say that the following is an attempt to present the 
origin of one definite kind of living organism from another definite 
kind of living organism as a normal, natural result of the actual 
living of the parent organism in a particular region. 

Let us suppose a certain species of Siphocampylus grows as an 
arborescent scrambler on the edge of the forest about the sources 
of the Amazons, It has already developed a racemose umbel as 
an inflorescence, the outer bracts remain more or less foliaceous. 
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while the inner bracts and the calyx limb are much reduced. The 
corolla is yellow in colour and xygomorphic. The stamens have 
the usual syngenesious anthers unequally appendaged. The ovary 
is bilocular with numerous ovules on axile placentae. 

As the years pass the species spreads (cp. Age and Area, Chap. 
X, A) until it reaches the zone, about 5000 ft. up on the slopes of 
the Andes, where the forest gives way to open scrub and grassland. 
Under the influence of the unfavourable conditions, (dryness, high 
winds, alternation of extreme temperatures,) the individual plants 
which become established in this region are stunted in growth and 
instead of scrambling over bushes become dwarf, trailing shrubs. 

In this form the species extends to higher altitudes where true 
alpines grow among the dwarfed, shrubby forms of species which 
are characteristic of the lower zone (cp. X, 69, Vol. II, p. 264). 
Under the more arid conditions the individuals which become 
established there are still more dwarfed. Coincident with the 
dwarfing of the individual, the reduction of the food supply causes 
the flowers to be smaller, the pedicels to be shorter (cp. Lysipomia 
acaulis, X, 72, p. 198), and the inner bracts and free calyx segments 
to disappear completely. This reduction enables the pressure of 
orthogenesis (as represented possibly by the climatic conditions) to 
crowd the flowers still closer (cp. 1, 81, p. 30 and Chap. IV, B) and 
the corolla as a consequence becomes actinomorphic. The stamens 
as a result of correlation cease to be unequally developed, the 
anther tube becomes erect, the tooth-like appendages become 
equally developed on all the anthers (cp. Lysipomia muscoides). As a 
result of the reduced food-supply only a few ovules are developed 
near the base of the ovary and the septum aborts (cp. Rhizocephalum 
and Lysipomia). 

Continued existence under these unfavourable conditions of 
excessive insolation, alternating with intense cold and combined 
with growth on the arid, wind-swept mountain slopes, would pro- 
duce crowding of all parts of the plant to give a rosette or ericoid 
form (cp. alpine Senecio Jacobea, Chap. X, A, also IX, 32, pp. 704 — 
716 and X, 72, numerous figures). These epharmonic variations 
would include the complete disappearance of the pedicels, the 
formation of a properly protective,*uniseriate pericline, an indeflnite 
calyculus, and a head of small flowers (cp. the close aggregation 
of the capitula and formation of secondary involucres in alpine 
Composites), and also the development of only one ovule in each 
indehiscent ovary ^or the further protection of the seed. The 
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development of the hairs on the fruit into the pappus mechanism 
may be a fortunate accident or an epharmonic variation ; there is 
no clear evidence on this point at present. Thus we arrive at a 
plant with all the essential characters of a Senecio, 

It must be noted that we started with a Siphocampylus with 
characters and tendencies which are known to be present in the 
genus, and we have appealed only to those orthogenetic lines or 
critical tendencies and to the direct influence of the external con- 
ditions to effect the change from a species of the Lobelioideae to 
a species of the primitive genus of the Compositae. The orthogene- 
tic saltation in almost every detail involves the loss or suppression 
of a character and presumably of a factor, This is in accordance 
with Bateson’s view of mutation (35). The progressive develop- 
ment of appendages to the stamens, may also be due to loss, if the 
view given in Chap. II of the origin of the appendages by the 
sterilisation of potentially sporogenous tissue is correct. The 
steps in the change from one genus to the other are natural and 
occur in related forms in the same region. Indeed, there is a 
distinct possibility that even at the present time a close examina- 
tion of the variation of the species of the Lobelioideaeand Senecio 
in the critical region from the edge of the Matto Grosso to the 
puna of the Sierra would show the actual occurrence of forms such 
as have been suggested. These forms have already been observed 
in closely related genera in that particular region. 

In any case, from the strictly scientific point of view a close 
affinity can be traced between the Lobeliuideae of the Andes and 
Senecio. So close is the affinity that we may be permitted to 
suggest a doubt as to the truth, in the case of the Compositae, of 
the dictum of De Vries which is quoted by Horne (28) that “ the 

great lines of evolution of whole families and even of genera 

obviously lie outside the limits of experimental observation.” 

The first three questions given in Section A of this chapter 
have been answered. The fourth — “ at what geological time did the 
Compositae arise ?” — is considered in Section A of the following 
chapter. 
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Chapter XII. 

MISCELLANEOUS TOPICS. 

T he preceding chapters have each dealt as far as possible 
with only one aspect of the origin and development of the 
Compositae. There remain to be considered some subsidiary 
aspects, such as the palaeobotany, cytology, laticiferous and 
secretory systems, seedling structure, etc. These are dealt with 
in the present chapter. 

A. Fossil Composite. 

An extensive but not quite exhaustive search through the 
literature of tertiary fossil plants has yielded the records for 
Compositae given in Tables XII and XI II, The localities and 
geological dates are given in Table XII, The numbers in the 
second column of Table XIII refer to the bibliographical refer- 
ences given at the end of this chapter ; with one or two exceptions 
the reference to the original description is given and comes first. 
The numbers in the third column of Table XIII refer to the 
numbered localities given in Table XU, which was drawn up to 
avoid a cumbersome repetition in Table XIII of geographical 
localities. 

The value of the palaeobotanical evidence for our present 
purpose depends largely upon the soundness of the identifications. 
This point will, therefore, be reviewed before we proceed to draw 
any conclusions from the fossil record. 

The first part of Table XIII is occupied mainly by the records 
of the Reids. In all these cases the fossils were fruits which, 
after being preserved by special methods, were examined for the 
details of structure, such as shape, ribs, sculpture, etc. It may 
appear strange that determination of such fossils can be made 
with specific accuracy, especiallv in large genera such as 
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Eupatorium and Senecio. The method apparently folowed by these 
authors of comparing the fossil fruits in the first instance with the 
fruits of species now existing in the same localities avoids the 
difficulties and uncertainties which would undoubtedly arise if the 
comparison were wider. It is seldom impossible but sometimes very 
difficult to assign recent well-preserved fruits to a particular species. 
The deposits dealt with are, however, comparatively recent, and 
the limited comparison is, therefore, probably quite justified and 
the determinations can be accepted as accurate. 

Opinions differ on the exact age of the peperino from which 
the leaves of Tussilago Farfam are described by Antonelli (cp. 15). 
As that tufa is, however, certainly post-glacial and the fruits are 
recorded from both neolithic and Cromerian beds the determination 
of these very distinctive leaves can be taken as corroborated by 
Reid’s evidence. Antonelli’s record of Beilis perennis from the 
same locality, although not corroborated in the same way, may 
be accepted. 

The second part of Table XIII is occupied by a series of 
unclassified genera and species which require more critical 
consideration. The genus Bacchantes of Saporta rests on a 
resemblance of these fossil leaves to those of Baccharis. For 
present purposes they may be classed with the SilphiuniAxki* 
leaves described by Massalongo as Silphidiuni, Benth-am’s comment 
(see Table XIII) on the identification of these leaves is echoed by 
more than one palaeobotanist. The fossil leaves of Hieracites 
Salyortwi^ Sap. and Parthenites priscus. Sap. appear to the writer 
to be very probable determinations resting on much the same 
ground as Reid’s identifications. Tiie leaves of Hyoserites Lingua^ 
Ettingsh, associated as they are with beaked achenes, seem to be 
the most authentic Compositse leaves of the older strata. 

The other fossils are chiefly fruits ; Bidcntites antiqiuis as 
figured by Heer (2, PI. 101, Fig. 20) and Zittel (38, Fig. 404), is a 
fruit with a bidentate apex, but there its similarity to the fruits of 
B ideas ends. The teeth or awns arise close together on the con- 
tracted apex of the fruit and diverge at an angle rarely met with 
in Bidens^ where the awns are erect, almost parallel and arise on 
opposite sides of a more or less truncate apex. The identification 
would certainly not survive the application of the criteria adopted 
by the Reids. 

CaypoUthus hyoseritifonnis^ Berry, is placed by its author among 
the genera “incertae sedis” (3,p.353), at the same time he says** it is 
almost certainly an achene of some Wilcox species of Compositae,” 
As figured and described by Berry this fruit has the characteristic 
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ridges and is crowned by about ten bristles which have lateral 
projections like those of Coreopsis. This solitary American repre- 
sentative would seem, therefore, to belong to the Heliantheae, if it 
is a Composite at all. 

The large genus Cypselites^ Heer, includes some undoubted 
Compositae. Saporta's determinations may be accepted as being 
accurate in most cases, but those by Heer require critical revision. 
Saporta left the position of the gypsum beds to be decided by later 
workers. Zeiller (37) gives the period as lower Oligocene, while 
Ward (36) gives it as Eocene. C. bisulcatus, because of the paucity 
of the ridges, and C. ellipticus^ because of the numerous ridges, 
although possibly Cynareae, come under suspicion,vvhich is increased 
by the curious projections from the beak in both cases. C. 
Lessingii also has very numerous ridges and a very peculiar group 
of rigid hairs. C. rostratus might also be excluded from the present 
discussion because of the absence of the characteristic ridges and 
the peculiar irregularity in length of the hairs. Some of these 
exclusions may seem severe but only thoroughly authentic Com- 
positae can be admitted for the purpose of elucidating the past 
history of the family. The genera Hieraciies iuu\ Hyoserites contain 
several interesting species, all of which may be accepted as well 
defined Compositae. 

One of the most striking features of the well authenticated 
fossil Compositae is the predominance of the simple setose type of 
pappus. Although the American Tertiary has as yet yielded practi- 
cally no Compositae, and the European forms, even from the Lower 
Oligocene, cannot be accepted as the earliest types, the evidence, 
as far as it goes, supports the view that the setose type of pappus 
is the primitive form (cp. Chap. V). The plumose setse of 
Cypselites Regelii and C. Ungeri^ the outer setae with flattened, 
dilated bases (paleaceo-setose) of Hyoserites Schultziitol C.gypsorum 
and those of C. costatus which are connate at the base, are all com- 
paratively primitive types according to the view expressed in 
Chapter V. 

In connection with the writer’s opinion that the small, almost 
flat receptacle is the primitive type (see Fig. 19 and Chap. VI, B), 
it is noteworthy that the earliest known receptacula (Hieracites 
stellatus and H. nudatus) are small and almost flat. Concerning 
the latter species, which is interpreted as a receptacle with only 
the scar of the involucre showing and no bracts, but a densely 
packed mass of florets or acheiies, Saporta (32b, p. 57) says 
“ L’empreinte est difficile k interpreter.” The figure (PI. 20, Fig. 5a) 
which he gives, however, is quite clearly a typical Cichoriaceous cap- 
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ftulum just before anthesis. The caiyculus in that group is frequently 
soft, herbaceous and easily removed without disturbing the rest of 
the capitulum. The narrow^ elongated structures on the outside 
of the fossil are too flat and undulate to be achenes : on the other 
hand they cannot be florets because they are attached directly 
to the receptacle without the least vestige of an ovary. The writer 
suggests, therefore, that this fossil is a capitulum with only the 
outer bracts or caiyculus missing, and that it shows a sub-biseriate 
involucre similar to that which is the chief part of the fossil 
Hieracites stcllatus^ but with the equal involucral bracts which are 
common in the Cichoriese. 

We have, then, two fossil examples of involucre, stellatus 
and //. niidatuSt which are both sub-biseriate. The latter is of a 
Cichoriaceous type but the former, although compared by Saporta 
with that of Inula pulicaria^ is very closely similar to the involucre 
oi Senecio glaucHS above (Chap. Vll, Fig. 21). Leaving the 

exact affinity as impossible to determine in the meantime, one 
point is clearly proved, namely, that the only involucres known 
in the fossil condition are sub-biseriate, and one of them shows the 
scar of a distinct caiyculus. This is in accordance with the view 
expressed in Chap. VI, B, on the primitiveness of the involucre with 
an uniseriate pericline and a slightly developed caiyculus. 

Considering now the evidence which has a bearing on the 
dates of appearance in Hurope of the various tribes, we find the 
Cichorieae indicated by a number of beaked achenes, by the 
capitulum of Hieracites nudatiiSy^nd by leaves similar to those of 
recent species of the tribe. These occur in the lower Oligocene, 
so that, if the views expressed in Chap. X on the successive origin 
of the tribes from the Senecioneae are correct, most if not all of 
the tribes had been differentiated at the beginning of the Oligocene 
period. The absence of any fossils from the Aix deposits which 
could be ascribed to the Calenduleae or Arctotideae, although only 
negative evidence, is interesting on account of the suggestion in 
Chap. X, D, of the origin of these tribes at a later date than that 
of the Cichoriese. The decided development of the Cichorieae in 
Oligocene and Miocene times is in accordance with the occurrence 
of a number of the same tribe in the Pliocene and later floras. An 
interesting point in connection with the suggested age of the genus 
Lactuca (Chap, X, C, and Fig. 31) is the similarity of Cypselites 
spoliatus to the fruits of that genus. The Asiatic affinity of two 
species of Crepis from the Middle Pliocene is in accordance with 
the suggested migration of the present Asiatic CichorieaB from the 
Mediterranean region. The absence of any fossil species of 
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Hieracium, except H. Pilosella^ is in accordance with the suggested 
recent origin by mutation of the thousands of micro-species 
described in that genus. 

Although no paiaeobotanist has yet suggested an affinity between 
any of the earlier fossil Compositae and Senecioneae, it is significant 
that an unidentified species of Senecio is described by the Reids 
from the lowest beds (Middle Pliocene) exapiined by them. Quite 
a number of the fruits figured by Heer and Saporta might well be 
ascribed to Senecio and its allies. 

The presence of the Cynareae in the Mediterranean region in 
Miocene times and the absence of any clear evidence of their develop- 
ment in the Oligocene is in accordance with the date of origin as 
deduced from the structure and geographical distribution of the 
tribe. They are more restricted in area and more specialised in 
structure than the Cichorieic, so that the action of the Law of Age 
and Area, as shown by the present distribution, receives some 
corroboration in this case from the fossil evidence. It will be 
noticed that both Centauyea and Carduus occur in the Upper 
Pliocene, so that the development of the Cynareae at that date is in 
accordance with the greater age of the two sub-tribes represented. 

The leaves of Paythenites pyiscus are so much like the 
characteristic leaves of species of Chyysanthemum that they may be 
used as corroborative evidence for the statement in Chap. X, D, 
that the main genera of the Chrysanthemidinae are older than those 
of the Anthemidinae, while the suggestion that the tribe arose before 
the Cichorieae is not invalidated by the simultaneous occuirence of 
representatives of both tribes in the Lower Oligocene. The 
coroniform pappus of Hyoseyites Schultzii from the Upper Miocene 
may be another indication of the presence of the Anthemidese in 
these early times, while the occurrence of living species of the tribe 
in the early glacial deposits is further evidence of an antecedent 
development of the group. 

The Inuleae are represented only by an unidentiHed species of 
Helichyysum from the Middle Pliocene. Such meagre evidence is 
of little phyletic value ; that the fruit belongs to the Gnaphaliinae is 
in accordance with the views previously expressed on the primitive- 
ness of that sub-tribe, while the absence of other representatives 
of the group, especially of Gnaphalium^ is easily accounted for by 
the small size of the fruits and the alpine habitat of most species. 

The Astereae are represented only by the leaves of one living 
species and the fruits of another. As they are both Pleistocene 
they give no interesting data. The well confirmed derivation of 
the Bupatorieae from the Astereas, however, lends a double 
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iiterest to the records of Eiipatonum. E. cannabinuniy which 
occurs all over the Eur-Asiatic region at the present time» seems 
to have been common in England in Pleistocene times, another 
small piece of evidence supporting the Law of Age and Area. The 
obscure variety of E. japonicum is interesting, but, as the identity 
is not fully verified, no special conclusion can be drawn, since it is 
[]uite possible that the fossil fruit represents an old derivative of 
E. cannabinum^ lather than the former extension of the living, 
local variety of E. japonicum. The Middle Pliocene development 
of Eupatorium^ when considered in relation to the ancestry of the 
tribe, can, however, be taken as evidence in favour of the 
relatively early origin of the Astereae. 

The Heliantheae are represented by Bidens from the Upper 
Pliocene to the Roman Period. The wide extension of this genus 
it such a date, combined with the Lower Eocene Helianthoid 
Caypolithus hyoseyiiiformis^ indicates an early origin of the 
Heliantheae as suggested in Chap. X, D. The available evidence 
concerning the development of the Compositae in America is, 
liowever, so meagre that it does not furnish any information about 
the relative age in America of the various tribes. This field for 
research is still very open and investigations on the early Tertiary 
Compositae of America would prove very interesting. 

From the above brief account of fossil Compositae it will be 
seen that so far as our present knowledge extends the details are 
quite in accordance with the phyletic suggestions given in previous 
chapters ; they add little, it is true, but slight confirmation is all that 
can be expected from such an incomplete record. 

According to Chamberlin and Salisbury (6) the Angios}>erms 
arose in late Jurassic or early Comanchean times in the eastern 
part of North America. This theory is regarded by Stopes (34) 
AS possibly true but unproven (35). The evidence of the present 
geographical distribution of most of the Sympetalaeand of the higher 
Archichlamydeie is in favour of a more southern place of origin — 
the northern part of South America. Fossil evidence is scanty, but 
other data point quite clearly to the region of the Amazons and 
northern Andes as the geographical source of the Angiosperms in 
general and of the Compositae in particular. 

Late Cretaceous or early Eocene times are indicated as the 
time of origin of the Compositae. This is in agreement with the 
suggested early Tertiary origin deduced by Guppy (IX, 21, p. 245) 
from the absence of endemic genera of Compositae from the Fiji 
Islands and their presence in the Hawaiian Islands. That 
phenomenon, however, can be explained equally well by the 
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hypothesis of an immigration of Compositae into the Fiji Islands 
from the east at a date much later than the migration from 
America of the ancestors of the Hawaiian endemics. The peculiar, 
insular endemic genera occur on the islands (Galapagos, Juan 
Fernandez and Hawaiian) which are much nearer America than 
Fiji. The last mentioned probably received its present Compositae 
after New Zealand had been stocked from New Guinea via Australia 
(see Chap. X). 

It has been shown above that the migration of most of the 
Compositse, and of Senecio in particular, took place along the 
mountain ranges. The dispersal of the Compositse must, therefore, 
have taken place after the formation of the ridges which constitute 
the main path of migration. According to the geological evidence 

Table Xll. 

hist of Localities for the Records in I able XI IL 


Pleistocene Roman Period 

Neolithic 


Paleolithic 
Post-Glacial 
Late Glacial 


Interglacial 


Early Glacial I 
(Arctic Plant Bed) 
Upper Pliocene Cromeriaii Beds. 

Teglian Beds 

Middle Pliocene Reuverian IJcds 

Upper Miocene — 


Middle Oligoccnc 


I^owcr Oligocene 
Lower Eocene . 


1. bilchester, Hampshire 

2. Redhall, near Edinburgh 

3. Hailes, ,, „ 

4. Fillyside ,, „ 

5. GayHeld ,, ,, 

S. Close y Garey, Isle of Man 

7. Elie, Fife 

8. Tilbury Docks, Essex 

9. Heuver, (alluvial beds) see 31 
JO. Albano, Rome 

11. Angel Road, Lea Valley 

12. Hedge Lane, ,, 

13. Ponder’s End „ 

14. Temple Lane, ,, 

15. Hoxne (bed C), Suffolk 

18. Hailes (lower bed), near Edinburgh 

17. Corstorphine, near Edinburgh 

18. Garvel Park, Clyde Beds 

19. Roxburgh Street, Greenock 

20. Allenton, near Derby 

21. West Wittering, Sussex 

22. Southelmham, Suffolk 

23. Hoxne (bed D), Suffolk 

24. Shacklewell, London 

25. Hitchin, Hertfordshire 

26. Beeston, Norfolk 

27. Pakefield, Suffolk 

28. Mundesley, Norfolk 

29. Tegclen, Limburg. 

30. Swalmen, Dutch-Prussian Border 

31. Reuver, „ „ „ 

32. Oeningen, near Constance 

33. Rochesauve, Ardeche 

34. Priesen, Bohemia 

35. Savine (Stellen), Alps 

36. Chiavon, Viccntiii, Italian-Tirol 

frontier 

37. Salcedo „ „ ,, 

38. Aix en Provence 

39. Gergovie, Puy-de-D6me 

40. Puryear, Henry County, Tcnn. 


Wilcox Beds 
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Table XU I. 

List of fossil fruits, leaves, etc,, which have been classed as Composite. 


Species ClassiHed. 

References. 

Dates and Localities. 

Remarks. 

SKNFXIONB.B 

TuSSILAOININifi 




Tussilago farjara, L. 

Reid, 22. 23 

Neolithic, 2 

Only one fruit 

Antonclli, 1 

Post Glacial, 10 

Leaves in volcanic tufa 


Zittel, as 

Reid, 27 

Upper Pliocene, 27 

[or peperino 

Fruits 

Sknkcionin^. 




Senecio aquaticm^ Huds. 

Reid, 23 

Interglacial, 21 


,, sylvaticus^ L. 

Reid, 22, 23 

Neolithic, 2 


Senecio sp. 

Reid, 29 

Middle Pliocene, 30 
Upper Miocene 

Near 5. sylvaticus 

CiCHORIK/E 

Bentharn. 2 

Hecr’s species of 

Lapsanin^ 

Liipsunu communis, L. 

Reid. 22, 23 

Neolithic. 2, 3 

[Cypselitcs 

M 17.22,23 
„ 16, 22, 23 

Interglacial, 21 

Upper Pliocene, 27 


Crkpidin^ 




Picris hieracioides, L. 

Reid, 16, 22, 

Upper Pliocene, 27 


Cvepis cf, bliittaroides,Vi\\, 

23, 27, 29 
Reid, 29 

Middle Pliocene, 30 

Very near C. blattaroides 

C yip is fuscipappus, 

Reid, 23 

Middle Pliocene, 30 

but also resembles cer- 
tain spp. of China 

A mountain species of 

Beiith. 

Crept s sHccisafolius 

Reid 27, 29 

Upper Pliocene, 27 

India Chinese forests 
Not uncommon 

Tausch. 




Cnpts Virens^ L. 

Reid 22, 23 

Neolithic, 2 


Crepts, sp 

M 30 
„ 29 

Late Glacial, 11 
Middle Pliocene, 81 


Crepis ? 

., 25 

Paleolithic, 9 

In alluvium 

HiBRACIIN/E 




Hieracium P do sella ^ L. 

„ 23 

Interglacial, 21 

No trace of any other 

Hypochcekidin-e 
Leontodon auiumnalis, L. 

Reid 22, 23 

Neolithic, 2 

species of Hieracium has 
been found fossil in 

1 Britain 


.. 30 
„ 22,23 
27,29 

Late Glacial, 12, 13 
Interglacial, 20 

Upper Pliocene, 27 

Rare 

Leontodon hispidusy L. 

24a 

Roman Period, 1 


Taraxacum officinale, 

22, 23 

Neolithic, 2, 4 

4 is a raised beach 

„ 19,22,23 
,, 22, 23 
„ 22, 23 

Late Glacial, 15 
„ „ 16. 17, 18 

„ 19 

Interglacial, 20, 21,22 
Late Glacial, 11, 12, 

In glacial clay 

Taraxacum sp. 

., 22, 23 

30 


13, 14 


Lactucin^ 




Sonchus arvensis, L. 

„ 18,22,23 

Neolithic, 2, 5 



„ 22, 23 

n 

Lacustrine deposits of 

Sonchus oUvaceus, L. 

„ 24a 

Roman Period, 1 

Scottish lowlands 

„ palustris, L, 

„ 24a 

»» i * 1 


ANTHBM1DB.E 

Chrysanthemidin^ 




Chrysanthemum 

Reid 23, 24a 

Roman Period, 1 


Leucanthemum, L. 




Chrysanthemum segetum,L, 

,. 18,22,23 

Neolithic, 2, 3 


Matricaria inodora, L. 

18,22,23 

Neolithic, 2, 3 
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Species Classified. 

Referetices. 

Dates and Localities. 

Remarks. 

Tanacetum vulgare^ L. 

iNULEi^ 

Reid, 22, 23 

Early Glacial, 26 

Base of Arctic Fresh- 
[water beds 

GnAPHALIIN/K 
Helichrysmi, sp. 

Reid, 29 

Middle Pliocene,30 

Similar to several 
species 

Two or three of Heer’s 

CVNAREiE 

Bentham, 2 

Upper Miocene, 32 

Carduin^ 

A Yctium Lappa ^ L. 

Reid, 24a 

species of Cypselites 


Roman Period, 1 

„ sp. 

„ 27 

Upper Pliocene, 27 

Two different forma 

Carduus crispus, L. 

22.23 

Neolithic, 6 

Bed B 

,, nutans, L, 

24a 

Roman Period, 1 



30 

Late Glacial, 13 



„ 27,29 
Zittel, 38 

Upper Pliocene, 27 

Not uncommon 

„ cf. nutanSi L. 

Reid, 27, 29 

Upper Pliocene, 27 

Differs in .sculpture 
and absence of long- 
itudinal ridges. 



„ 26 

Upper Pliocene, 29 

M 8p. 

M 29 

Middle Pliocene, 31 

Near C. nutans 

„ sp. 

„ 25 

Paleolithic, 9 

In alluvium 

Cnicus lanceolaius, Willd. 

„ 24a 

Roman Period, 1 



„ 24b 

»» >♦ 

In two places, in a well 
and in a pot 


22,23 

Neolithic, 2 

Fruits rather small 


n 22,23 

7 



„ 17.22,23 

Interglacial, 21 



16, 27 

Upper Pliocene, 27 

Recorded in 16 with a 
? as rare, fruit small 

Cmcus (Carduus) sp. 

29 

Middle Pliocene, 31 

Near C. lanceolatus 

palustns, Willd, 

„ 23 

Neolithic, 3 


n 22, 28 

2 

Late Glacial, 1 1 



, 30 



„ 22, 2H 

Interglacial, 22 

Fruits small 


M 27 

Upper Pliocene, 27 



„ 28 

„ 29 


Cirsium heferophyllum, 

„ 27.29 , 

„ M 27 


Hill. 




CknTAURHIN/IC 
Centaurea Calcitrapa, L. ? 

„ 27, 29 

„ „ 27 

One of two forms found 

,, Cyanns, L. 

M sp. 

, 18,22,23 
M 27 

Neolithic, 2 

Upper Pliocene, 27 

The other of two forms 
found 

ASTEREil$ 




BELUDINi?^ 




Beilis perennis, L. 

Antonelli, 1 

Post Glacial, 10 

Leaves in volcanic tufa 

Zittel, 38 


[or peperino 

Heterochhomina? 




Aster Tripolium^ L. 

EUPATORlEiB 

Reid, 23 

Jntergtacial, 21 


Age R ATI N A? 

Eupatorhim cannahinum,L 

„ 22,23 
22,28 

Neolithic, 8 
», 2 

Late Glacial, 15 

In peat below sea-level 


„ 19.22,23 

Bed C in “ blackearth,’' 
below Paleolithic de- 
posits 

Interglacial, 21 


» 17,23 


n 21,23 

24 1 

In peaty clay below 8 
or 10 ft. of gravel 


„ 20,23 

„ 26 

Ancient alluvium, below 
Paleolithic brickearth 
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Species. 



Remarks. 

Eupatorium canmihinum^ L 

Reid, lit, 22, 23 

„ 23 

Interglacial, 23 

„ 20 

Bed I), in lignite, below 
bedC 

I 

Eupatormm japonicmn , 

,, 2il 

Middle Pliocene, 30, 

Very near to, if not 

Thuiib. var. 


31 

identical with a variety 
collected in the moun- 
tains of Japan 

KHpatorimn, sp. 

„ 27,29 

Upper Pliocene, 27 

Hklianthk^: 

COHEOPSIDIN^R 




Bidens certiua^ I^. 

.. 22,23 

Neolithic, 2 


,, tripartita, L. 

,, 24a 

Roman Period, 1 


,, 19,22,23 

Late Glacial, 15 

Bed C, a starved fruit 


19,22,23 

„ 16, 23 
27, 29 
„ 16,23,27 
Zittel, 38 

Reid, 23, 28 

Interglacial, 23 

Upper Pliocene, 28 

M M 27 

„ 29 

Bed D, associated with 
a variety with four 
equal awns 

Bidetis tripartita, L. var. 


Interglacial, 23 

Bed D, four equal awns 

Unclassified 




Genus ? 

Reid. 29 

Middle Pliocene, 31 

Fruit poorly preserved 
and apparently ger- 
minated 

Genus ? 

„ 2it 

„ .. 30 

Fruit of some large 
Composite, but apex 
not pi eserved and base 
obscure 

Baccharites, Sap. 

Sa porta, 32b 

Lower Oligocene, 38 

[..caves like those of 

^Lomatiies, Sap. (part.) 

Zeillcr, 37 
Zittel,38 


Baccharis and other 
ConyzinaE, first refer- 
red to Proteaceae 

B. acerosus, Sap. 

Saporta, 31b, 
31k, 32b 
Ward, 36 
Zittel, 38 
Saporta, 31b, 
f, k,32b 
Ward, 36 
Zittel, 38 
Boulay, 5 

„ 38 


B. aquensis, Sap. 

38 

39 


B. ohtusatus. Sap. 

Saporta, 31k, 
32b 

Ward, 36 
Zittel, 38 

38 


B. salicinus. Sap. 

as above 

„ „ 38 


B, sinuatus, Sap. 

Saporta, 31b, i 
k, 32b 
Ward, 36 ! 

Zittel, 38 

„ 38 


Bidentites, Hear. 

Heer, 11 

Upper Miocene, 32 



Bentham, 2 

»» 

Heer’s specimens, 

“ probably the achene 
of an aquatic species'’ 


Zeiller, 37 

Upper Pliocene 

Reid’s achenes of Bidetis 

B. antiquus, Heer. 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 
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Species. 

References. 

Dates and Localities. 

Remarks. 

Carpolithushyosenti/oymis 

Berry 

Berry, 3 

flower Eocene, 40 

Fruit 8 mm. long, with 
about 10 simple awns 
or bristles ; among 
“ Incertae Sedis.” 

Cypselites^ Heer. 

Heer, 11 
Saporta, 31, 32 
Zeiller, 37 

Upper Miocene, 32 
Lower Olij^ocene, 38 

Fruits of Compositae 

C. angustatus, Herr. 

Heer, 1 1 
Schimper, 33 

Upper Miocene, 32 

Achene 8 mm. long, 
pappus 16 mm., sparse 
and setose, resembling 
Crepis fruits. Ettings- 
hausen says this is like 
fruit of Echitofiium. 

C ^qiiensis, Sap. 

Sa porta, 32b 

Lower Oligocene, 38 

Achene 6*5 mm. long, 
pappus of scabrid setae, 
longer than achene, 
very rare. 

C. bisidcaUiSy Heer. 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Achene 6mm. long, 
pappus Ktipitate, duplex, 
of slightly waved setae, 
13 mm. long 

C. brnchypuSy Heer. 

Heer, 11 

8c him per, 33 

Upper Miocene, 32 

Achene 8mm. long, pap- 
pusstipitate, beak short, 
setose, 19 mm. long. 

C. (incuinatuSy Heer. 

Heer, 11 
Schimper, 33 

Upper Miocene, 32 

Achene 8mm. long, pap- 
pus 2<l mm. long, of 
numerous wavy setae, 
connate at the base. 

C. costiftuSy Heer. 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Achene 9mm. long, pap- 
pus 18mm. long, of seta* 
connate at tite base. 
Greatly resembles A 1 cti- 
inn lanuginosum of central 
Eurojie (Heer, 9) 

C. delciuSy ileer. 

Heer, 1 1 
Schimper, 33 

Upper Miocene, 32 

Pappus twice length 
of the achene. Prob- 
ably Cynareie (Heer, 9) 

C. (iubius (Al. Hr.) Heer. 

Heer, 11 
Schimper, 33 

Upper Miocene, 32 

^Aclio’nites dubiuSy Al. 
Br., achene 7mm. long, 
pappus slightly longer. 

C. (lUpticuSy Heer. 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Achene 7mm. long, pap- 
pus shortly stipitate, of 
very long slightly curv- 
ed setse. Comparedwith 
Sonchus by Heer, 9. 

C. elongatuSy Heer. 

Heer, 1 1 
Schimper, 33 

Upper Miocene, 32 

Achene 17 mm. long, 
shortly beaked. 

C. Fischeriy Heer. 

Heer, 1 1 
Schimper, 3.^ 
Zittel, 38 

Upper Miocene, 32 

Achene 6mm. long, pap- 
pus 18 mm. long, of 
slightly wavy setae. 
Perhaps a species of 
Arctiuniy Heer, 9 

C. fractusy Sap. 

Saporta, 32b 

Lower Oligocene, 38 

Pappus of very fine 
setae, shorter than the 
achene, very rare. 

C. grandiSy Heer. 

Heer, 1 1 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Achene 11 mm. & pap- 
pus 21mm, long, short- 
ly stipitate, setose. 

C. gypsormty Sap. 

Saporta, 31 b, U 
Schimper, 33 
Ward, 36 

1 Zittel, 38 

: Lower Oligocene, 38 

Achene small & ribbed, 
pappus duplex, inner 
setae numerous, outer 
5-7 with dilated bases. 
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Species. 

References 

Dates and Localities 

Remarks. 

C. latinus^ Massal. 

Mescliinelli, 14 

Middle Oligocene, 37 

Name only, quoted 
from Massalongo, Syll. 
pi. foss. p. 126 

C.Lessingii, Heer 

Heer, 11 
Scliimper, 33 
Zittel, 38 

Upper Miocene, 32 

Achene 7 mm. long, 
pappus stipitate, of 
thick, rigid setae 

C. Miegi^ Fliche 

Fliche, 8a 

(Tertiary) 

In chalk or hard marl 
at Riedisheim, Mul- 
house. LikeC. 

C. Nagelu^ Heer 

Heer, ll 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Pappus twice as long 
as achene, obliquely 
inserted (cp. I, 7), of 
wavy setae. Probably 
Cynareae, Heer 9 

C. Philibeyti, Sap. 

Saporta, 31k 

I-ower Oligocene, 38 

Achene 5 mm. long, 
pappus setose 

C. Regelii, Heer 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Achene 15 mm. long, 
pappus 15 mm. long, of 
plumose seta?, oblique- 
ly inserted (cp. 1, 7) 

C. rostratuSf Heer. 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, .32 

Achene 8mm. long, pap- 
pus stipitate, setose 

C, Schultzii, Heer 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Achene 7 mm. long, 
pappus 18 mm, long, of 
numerous curved seta? 

C. spoliatits, Sap. 

Saporta, 32b 

Lower Oligocene,38 

Achene 6 mm. long, no 
trace of pappus but a 
very obtuse beak, very 
rare. Rather like Lac- 
tuca with pappus off, 
Saporta, 32b 

Whole fruit 1 •5cm. long, 
pappus sessile, of com- 
pact setie, very rare 

C. sUnocarpus, Sap. 

Saporta, 31k 

Lower Oligocene, 38 

C. strmtuSf Heer 

Heer, 11 
Schimper, 33 

Upper Miocene, 32 

Achene 8 mm. long, 
pappus 21 mm. long, 
stipitate, setose 

C. tenuirostratus, Sap. 

Saporta, 32b 

Lower Oligocene, 38 

Achene 5 mm. long, 
with truncate beak and 
no pappus, very rare 

C. tennis, Heer. 

Heer, 11 
Schimper, 33 

Upper Miocene, 32 

Achene 4*5 mm. long, 
pappus shorter, of 
wavy setae 

C. trisulcatns, Sap. 

Saporta, 32b 

Lower Oligocene, 38 

Achene 7 mm. long, 
pappus sessile, only 
vestiges left, very rare 

C. truncafus, Heer 

Heer, 11 
Schimper, 33 
Zittel, 38 

Upper Miocene, 32 

Pappus twice as long 
as fruit. Probably 
Cynareae, Heer, 11 

C. Ungeyi, Heer 

Heer, 1 1 
Schimper, 33 

Upper Miocene, 32 

Achene 16mm. long.pap- 
pus markedly stipitate, 
of elongated plumose se- 
tae, compared toPodosper- 
mum laciniatum, Heer, 2 

Cvpselites, sp. 

Boulay, 4 

Upper Miocene, 33 

Not identified with any 
spec, described by Heer 
Defined by Saporta 
(82b) as the receptacle 
and involucre of fossil 
Compositae. 

Hieraciies, Sap. 

Saporta, 32b 
Zeiller,37 

Lower Oligocene, 38 
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Remarks 

Avignon, in calcareous 
marl, very rare. Sub- 
biseriate involucre and 
small receptacle, com- 
pared to Inula Pulicaria 
and referred tentative- 
ly to that genus by 
Saporta 

Receptacle after flower- 
ing, with involucral 
bracts missing & achen- 
es or florets densely 
packed, Saporta, cp. text 
Leaves in marly schist 
above gypsum beds ; 
compared by Saporta 
with Taraxacum obovatum. 
In plastic clay, achenes 
like those of the “ Hy- 
oseridees ” 

Achenes lanceolate 
acuminate very shortly 
beaked, pappus absent, 
leaves also present 
Achenes, pappus short, 
coroniform and pale- 
aceous 

Since referred to a 
Monocotyledon of the 
Vellozia type 
Leaves compared by 
Saporta to Chrysanthe- 
mum Parthenium and C. 
Jlysterophorus 
Leaves, like Siiphium 
laciniatum (Massalongo); 
‘‘it is probable that the 
four species are really 
only one” (Schimper) ; 
“ a wild guess without a 
particle of evidence in 
support of it ^’(Bentham) 


Also a variety, sub- 
dent iculatum 

Compared to Siiphium 
gummiferim of N. Amer- 
ica by Massalongo; also 
a variety, ei denticulaium 


the Andes had begun to appear in late Cretaceous times, the height 
being increased by the Miocene uplift all around the Pacific. 

In the previous chapter it was shown that the origin of the 
Compositae was most probably due to the ecological conditions 
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at high altitudes in the Andes. The palseobotanical evidence shows 
that the origin of the family took place at approximately the same 
date as the first upheaval of the Andes. This synchronising of 
events in climatic evolution with events in plant evolution is in 
accordance with Coulter’s explanation of orthogenesis (see XI, 13, 
and Chap. XI, B). The rapidity of dispersal, which is character- 
istic of the family, would readily account for the appearance of 
representatives in the Mediterranean region within a geologically 
short interval of the origin of the earliest forms. The time 
available for this dispersal and the differentiation of the types is 
nearly the whole of the Eocene Period and opinions concerning even 
the approximate length of that period vary very considerably. 

It is more than probable that the Compositae were among the 
first arrivals in the new mountainous habitats (cp. Krakatau and 
Taal, Chap. X), and this would account, in part at least, for their pre- 
dominance in those regions at the present time. The Compositae, 
indeed, seem to have been formed with the mountains by the 
mountains for the mountains. 

B. Cytology of the Composite. 

This part of the subject has been worked out in considerable 
detail but only in a comparatively small number of genera. The 
chief papers will be found mentioned in Section B of Bibliography 
XII. Parthenogenesis, apogamy and double fertilisation have 
claimed attention but such data have little phyletic value, except 
as an explanation of the large numbers of microspecies in some 
of the genera. Spermatogenesis and oogenesis have been 
described in a number of forms and the figures given of Semcio 
vulgaris may be regarded as typical. 

Spermatogenesis : — Considering spermatogenesis first, the 
archesporium is sub-epidermal, usually only one row of cells 
(Pig. 68), which cuts off a single layer outside (Pig 69). This 
layer divides into three (Figs. 69-70); the innermost of the 
layers forms the tapetum, the cells of which are frequently 
bi-nucleate (Pigs. 70-73). The middle layer finally degenerates 
and functions .as a subsidiary tapetum (Pig. 73). The single row 
of archesporial cells rarely undergo more than one division 
before the pollen mother cells are formed (Pig. 70), so that 
only one tetrad of microspores is usual in tranverse sections of 
the sac (Pig. 73). The separation of the spore mother cells from 
each other takes place between synapsis (Fig. 70) and the meta- 
phase of the reduction division (Fig. 71). The differentiation of the 
exine has already been mentioned (Chap. IV, B) as being some- 
times intermediate in Senecio between the Tubuliflor« and the 
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II, 63), and the primitively lateral position of the ovule isconflrmed 
by the anomalous cases floured by the writer (99) in which all the 
four lateral ancestral placentae of the two carpels are indicated. 

The single archesporial cell is differentiated at an early stage 
as the end cell of a row in the middle of the young ovule (Pigs. 56* 
57). The integument shows an unilateral development almost from 
its first appearance (Figs. 56*58). While reduction division is 
taking place, the integument develops very rapidly, so that the 
following stages occur within a single-layered nucellus enclosed by 
the integument with its peculiar epithelium. A row of four 
megaspores is formed, with the middle or first formed wall very 
thick (Pigs. 59-60). This wall disappears and the two middle 
megaspores degenerate (Pig. 61) ; the apical megaspore also degener- 
ates and the basal one develops into the embryo sac (Pig. 62). 
Palm (84) considers that in SoUdago and Aster the sac is formed 
from the micropylar megaspore and that the three lower 
megaspores develop into the haustorium. He is, however, adversely 
criticised by Chamberlain (49) ; and most other workers on the 
embryo sac of the Compositae agree in describing the sequence of 
events as above. 

This question has recently become ratlier controversial. 
Holmgren (64) describes six methods of embryo sac development 
in the Compositae. 

A. with a row of four cells as megaspores, 

(1) . Sac from the chalazal megaspore, normal and eight- 

nucleate, as in most cases (69, 77, 91, 93, etc.); 

(2) . Sac from one of the other three megaspores and not 

always eight-nucleate, as in Setiecio vulgaris (Winge, 
113), SoUdago serotina and Aster uovee-anglice (Palm, 
84), all three species with persistent megaspores in the 
antipodal region. 

B. With only one wall formed after the heterotypic nuclear 

division, 

(3) . Sac from the two micropylar megaspores, as in 

Tanacetuin vulgare (Palm, 85) ; 

C. With no wall formed during meiosis ; 

(4) . Sac from the micropylar megaspore nucleus and 

eight-nucleate, as in Anthemis tinctoria (Holmgren, 
64); 

(5) . Sac from the two micropylar megaspore nuclei and 

eight-nucleate with persistent chalazal megaspores, 
as in Tanacetum vulgare (Palm, 85) ; 
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(6). Sac from all four megaspore nuclei and sixteen- 
nucleate, as in Pyrethrum parthenifolium var. aureum 
(Palm, 85). 

Winge’s interpretation of his figures is rather unsatisfactory 
and has been shown to be wrong by Carano (47). In his English 
summary he states that three megaspores degenerate but in the 
text he figures and describes three large bi-nucleate megaspores 
and three very minute, degenerate antipodals in the region of the 
egg-apparatus. He considers that the micropylar megaspore 
develops into the embryo sac, but his Pig. 3 shows the chalazal 
megaspore slightly larger than the others, and his Pig. 4 shows 
three small megaspores and a large one, the row being isolated so 
that the micropylar or chalazal position of the large megaspore 
cannot be determined. 

Winge's figures, apart from the very problematical degenerate 
antipodals, are similar to those given here and are best interpreted 
in a similar way, as Carano (46-47) and others maintain. 

Palm’s interpretation of the phenomena in Aster and Solidago 
has already been more or less discredited by Chamberlain (49). 
There remain the anomalies of types 3-6; these all occur in the 
Anthemideae and it is possible that further investigations will 
confirm the presence in this tribe of anomalous embryo-sac develop- 
ment, as in Plumbagella (51), Lilium, etc. 

The disappearance of the upper megaspores is very clear in 
Senecio and Silphium, Even in the interesting case of an aposporic 
embryo sac described by Rosenberg (90) in Hieracium, the tetrad 
was formed and the chalazal megaspore was the last to disappear 
before the nucellus was pushed, on one side by the growth of the 
abnormal sac. The origin of the chalazal haustorium from the 
antipodals can be taken as without any properly authenticated 
exception. 

In the mature embryo sac there is the normal arrangement of 
synergids, oosphere, endosperm or fusion nucleus, and three 
antipodals (Pig. 63). The nucellus disappears completely, leaving 
the embryo sac surrounded by the epithelial layer of the integu- 
ments, ora few remnants may be left to form the so-called nucellar 
cap (Pig. 67). 

Antipodal Cells. In Senecio vulgaris the basal or chalazal 
antipodal elongates (Fig. 63) and divides (Figs. 64-67), the basal 
portion showing as many as four extra antipodal cells in one 
longitudinal section, each cell having one or more nuclei (Fig. 67). 
This is the structure of which it is said that ** the antipodals of many 
pf the Compositse are organised into an aggressive hgustorium 
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Table XIV 


List of Antipodal Cells in Compositce* 


Species 

Nos. 

References 

Remarks. 

SKNBCIONHi^E 

TUSSILAGININiB 




Tussilago sp. 

4 usually 

Gutgnard, 60 

Coulter and Cham- 
berlain, 50 


Petasites sp. 

3 

ditto 

Active and haustorial 

Sbnecionina; 




Doronicum sp. 

3 

ditto 

» » 

Uniseriate, polygonal 
or rounded, and contin- 
ued into pseudochalaza 

Cineraria maritima 

10-12 

Goldfius,58 

Senecio aureus 

3.6 

Mottier, 78 

C. and C., 50 

haustorial 

5. Doria 


Goldflus. 58 

Uniseriate, upperlarge 
lower pass gradually 
into chalazal cells 

S. vulgaris 

3 

Strasburger, 101 
Warming, 112 

Guignard, 61 

Normal arrangement, 
one chalazal & the other 
two side by side above 
Uniseriate 


3-4 

Strasburger, 100 

Normal or 4, uniseri- 
ate, the chalazal anti- 
podal having divided 


3-6 

Small (Figs. 63-67) 

Chalazal antipodal di- 
viding & multinucleate 

Cacalki hastata {Scnaio) 

3 

Goldflus, 58 

C'hala/al antipodal 
elongates to give tube 

ClCHORIK^ 

Hyoskridin^ 




Catananche Uitca 

3 

Goldflus, 58 

Normal or uniseriate 

Cichorium Intybus 

3 

Hcgelmaicr, 62 


HIBRACIIN/B 




Hievacium amplexicaiile 

3 

Hegelmaier, 62 


HyPOCHOB RIDING 




Ilypocheens maculata 

a 

Hegelmaicr, 62 


Taraxacum officinale 

3 

Schwere, 98 


45 

Hegelmaier, 62 

C. and C., 50 

Haustorial 

Taraxacum sp. 

3 

C. and C., 50 

Haustorial 

Lactucin^ 




Sonchus oleraceus 

3 

Lavialle, 1, 52 

Uniseriate 

SCORZONERIN^: 




Tragopogon floccosus 

7-9 

Hegelmaier, 62 

Haustorial 

Scorzoncra alpina 

3.4 

1 

Goldflus, 58 

Haustorial, normal ar- 
rangement or with chal- 
azal antipodal divided 

6'. hispanica 

47 

Goldflus, 58 

Haustorial 

Calbndulk;e 




Calendula arvensis 

3 

Carano, 46 

One synergid develops 
into large micropylar 
haustorium 

C, lusitanica 

ANTHEMIDBifi 

3 

Billings, 42 

C. and C., 50 

ditto 

CHRYSANTHEMlDIN,<3i 




Pyrethrim balsaminatim 

3 

Ward, 111 

Normal 

(Chrysanthemum) 



In two rows, chalazal 
antipodal enlarges and 
shows abnormal nuclei 
as in Senecio vulgaris 

Lcucanthemum lacustre 
(Chrysanthemum) 

3-7 

Goldflus, 58 
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Table XIV (continued) 


Species. 

Chrysanthemum Leiican- 
themum 

\nvlhm 

Gnaphaliin.*: 
Antcnnavia aipina 

lNULlNi?t 

Inula Helcnium 
Buphthalminak 
Telekia speciosa 
{Buphthalmum) 
Cynakeae 
Ckntaureinae 
SerraUda covonata 
Cent any ea cirrhata 
C crocodylium 
C. dealba t a 
C. niacrocephala 
Astekeae 
Homochrominae 
Solidago sevotina 

Bellidinae 
Beilis perennis 

H ET E ROC H HO M I N A E 

Aster Nova’AnglKe 


Galatclla ngida (Aster) 
Conyzinae 
Conyza sp. 

Heliantheak 
Melampodiinar 
Silphium spp. 


Zinniinae 
Zinnia tenuiflora 
Vehbesininae 
Dracopis amplexicaulis 
(Rudheckia) 

Echt nacea in termedi a 
(Rudbeckia) 
Rudbcckia speciosa 


Helianthus annuus 


//. Maximiliani 


Nos. 

References. 

3 

Goldflus, 58 

at least 

duel, 70 

19 

C and C. 50 

6 

Goldflus, 58 

3 

Goldflus, 58 

3 

Goldflus, 58 

3 

Lavialle, 1,52 

3 

Goldflus, 58 

4 

Goldflus, 58 

4 

Goldflus, 58 

3 

Palm, 81 

0-7 

Carano, 45 

3-13 

Chamberlain, 48 
C. and C., 50 

3-13 

Goldflus, 58 

20-25 

Goldflus, 58 

8-10 

Guignard, 50 

C. and C., 50 

2-7 

Merrell, 77 

3-8 

C. and C., 50 

3-1 

Hegelmaier, 52 

3.4 

Goldflus, 58 


Goldflus, 58 

2-3 

Nawaschin, 80 

3 

Hegelmaier, 52 

2 

Hofmeister, 63 


Nawashin, 80 
Carano, 46 

3 

Goldflus, 53 


Remarks 

Chalazal antipodal 
much enlarged and 
[elongated 

Quite a tissue by con- 
tinued division 

In two rows or scatter- 
[ed 

All large, elongated 
chalazal gives a long 
[tube 

Uniseriate 

Uniseriate 

Normal 

Uniseriate, haustorial 
Uniseriate, haustorial 


Haustorial, interpreted 
by Palm as the three 
chalazal megaspores 
One cell with 3 nuclei, 
another very large con- 
taining a pseudo-oosph- 
ere (cp. Chamberlain 48) 
Up to 20 nuclei in 1 cell 
pseudo oosphere pres- 
ent [sphere 

No trace of pseudo 00 - 
Forming a parenchyma 

Haustorial 


One case of 7 cells, 8 
nuclei in one of them 
“ with indications of 
amitotic divisions ” 

Uniseriate or with 
upper cell divided 
Uniseriate 

A small number, poly- 
gonal 

Two antipodals figured, 
one enlarged and very 
like an oosphere 
Chalazal antipodal 
enlarged 

Both cells large and 
elongated 
ditto 

ditto, upper cell multi- 
nucleate 

Uniseriate, upper anti- 
podal enlarged & as long 
as the rest of the sac 
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Table XIV (continued) 


Species 

Nos. 

References 

Remarks 

H. tubeyosus 

1 

2 a 

Goldflus, 58 

Uniseriate 

HeliafUhus sp. 

COREOPSIDINAE 

3 

Tackholm, 103 

Chalazal antipodal de- 
generates but upper cell 
is very large and long 

Dahlia gracilis 

2-3 

Goldflus, 58 

Uniseriate or normal, 
binucleate or multinu- 
cleate 

B ideas leucantha 

3 

Hegcimaier, 62 

One small and two large 

Cosmos bipinnatus 

2 

Tackholm, 103 

Both large, 19 nuclei 
flgured in one ceil 

Cosmidi tm B u rridgean u m 
{Cosmos) 

Helenieae 

Helhniinae 

2 

'Jackholm, 103 

Both large, one very 
long with 16-25 nuclei 

Gaillardia bicolor 

3 

Goldflus, 58 

Uniseriate, lower short, 
middle long and nar- 
row, upper short 


which can only be regarded as a very specialised organ (50 

p. 108). 


In connection with the origin of the Compositae from the 
Lobelioideae it is interesting to note that an antipodal haustorium 
is recorded in Campanula americana (40), C. rotundifolia (39) and 
Lobelia inflata (97), and that most of the Campanulace® develop 
either micropylar or chalazal haustoria or both (50). Another point 
of similarity is that in both families the epithelium of the integu- 
ment is conspicuous, always in the Compositae, sometimes in the 
Campanulaceae. 

The general phylogenetic value of the endosperm and 
haustorium is considerable, as shown by Jacobsen-Stiasny (68). 
In the Compositae the antipodal haustorium, presumably derived 
from the similar structure in the ancestral Lobelioideae, has been 
described in a number of genera and the results, which are 
summarised in Table XIV, will now be discussed. 

According to our present knowledge there are two methods by 
which the antipodals develop into a special haustorial apparatus, 
one by elongation and free nuclear division or amitosis or 
both, and the other by elongation accompanied by cell division 
giving a tissue. Both these methods occur to a certain extent in 
Senecio vulgaris* 

The tube haustorium is more developed in other Senecioneae 
{Cacalia hastata) and so is the tissue haustorium {Senecio DoWnand 
Cineraria maritimd)* The Tussilagininae have the haustorium only 
slightly developed. 

In the Cichorieae the haustorium is only slightly developed 
throughout, especially in the Lactucinse; the exception is the 
advanced, rather special group, Scorzonerinae. 
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In the Calenduleae the antipodals are more or less normal but 
a special micropylar haustorium is developed. 

The development of the haustorium in the Chrysanthemidinae 
closely approximates to that in Senecio, 

Although the data in the Inuleae are very meagre, what there 
is tends to support the diphyletic development of that tribe, the 
Inulinae being near the Senecioninae and leading to theCentaureinae 
through the Buphthalminas. 

In the Centaureinae the slight development of the haustorium is 
rather surprising considering the advanced position of the tribe, 
but is, nevertheless, quite in keeping with the slight development of 
the haustorium in the ancestral Buphthalminas. 

The haustorium in the Astereae is slightly developed in the 
primitive Homochrominae, more developed in the more advanced 
Bellidinae and Conyzinae, and most developed in tbe advanced 
Heterochrominae. An investigation of the antipodals of the 
Eupatorieae should prove interesting in view of the derivation of 
that tribe from the Heterochrominae. 

The coenocytic tube type of haustorium is best developed in 
the Heliantheae. The structure of the organ in the primitive 
Verbesininae is sometimes quite simple and in most, if not all cases, 
it is less developed than it is in the Coreopsidinae, especially Cosmos. 
Tlie haustorium in the Zinniinae is simple, in the Melampodiinae it 
is more developed (cp. Fig. 79). 

The development, as far as it is known, in the Helenieae agrees 
with the origin of that tribe from the Senecioneae directly and not 
indirectly via the Heliantheae. 

In spite of the very restricted number of species in which the 
antipodal development is known, it is clear from the above that the 
data are drawn from sufficiently representative genera to furnish 
some interesting confirmation of previous phyletic suggestions. 

Chromosomes. Meek’s theory (76) of a constant diameter for 
the chromosome with a gradual elongation of each chromosome 
duringevolution,and conjugation of the chromatin units, in fours when 
the length-limit has been reached, to give chromosomes with twice 
the original diameter, has been criticised by Farmer and Digby (54), 
who agree, however, that although the chromosome width cannot 
be strictly correlated with the evolutionary sequence, many of the 
lower animals and plants have smaller and narrower chromosomes, 
as compared with those of higher forms. The chromosome width 
varies so much in plants that it is certainly not very useful in 
dealing with phylesis within a family. 

Apart however from these considerations, the variation in the 



Cytology of the Composiice 267 

chromosome number in the Composite shows some interesting; 
points. These numbers are recorded in various lists by Gates (57), 
Winge (114), and Ishikawa (66-67), and all the known numbers are 
given in Table XV. Tischler (109) and Winkler (115) have given 
general accounts of the phenomena, but they are not yet available. 
Winge (114) considers the Compositae specialty, distinguishing as 
cardinal numbers 9 for the Anthemideae and 8 for the Heliantheae ; 
his classiflcation of the genera seems, however, to be mainly on the 
chromosome number rather than on any generally accepted system, 
e.g., he puts Beilis in the Anthemideae and Calendula in the 
Heliantheae. Rosenberg (94) mentions the Compositae series of 
numbers and shows how they may arise by unequal heterotypic 
divisions, with or without the formation of subsidiary nuclei with 
a small number of chromosomes. 

The known chromosome numbers of the Compositae are given 
in Table XV, with calculated numbers in brackets. Where no 
gametic number is given the species is apogamous and where a 
(v) is appended to the name of an author he has given verbal 
information to the authority quoted below. 

Considering the numbers as given in Table XV, the first case 
is Senecio vulgaris for which ishikawa (67) records 19, The 
present investigation shows 5 at reduction division, the metaphase 
(Fig. 71) is very clear and in the telophase (Figs. 59, 72) the number 
again appears as 5, with some indication of an idiochromosome 
which shows also in some of the divisions of the chalazal antipodal 
cell (Figs. 65-66). The anomalous nuclear divisions in the basal 
antipodal show other numbers also, about 20 (Pig. 63) or 10 (Fig, 
64). As S. vulgaris is an aggregate species it is probable that 
Ishikawa examined some other member of the aggregate, in which 
apogamy or hybridisation may have led to complications. The 
figures 56-76 were drawn in 1914, when the writer was unaware of 
the only two examples of 5 then known as a chromosome number 
in the Composite, but quite a number of other examples with 5 
have since been described. 

It will be seen from Table XV that the 9, 18, 27, 36, 45 series 
holds good for all the Anthemideae except Achillea Millefolium^ in 
which the number is not known with certainty, and Centipeda 
orbicularis^ which has 10. The series 8, 16, 32 likewise holds good 
for the Heliantheae with certain exceptions. 

If we seek any phyletic data in the chromosome numbers, the 
5, 10, 15, 20, 30, 60 series is indicated as the primitive one in 
accordance with the phylesis of the family as shown by other data. 
This is the series of the Senecionese, with the cardinal number 
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Tablb XV. 


Chromosome Numbers hi the Composite. 


Species. 

Numbers 

Gametic Somatic 

References 

Sbnkcionkak 

Senfxioninae 




Senecio vulgaris 

19 

5 


Ishikawa, 67 

Small, figs. 59, 65, 66, 71, 72 

S. sagiUatus 

5 


Ishikawa, 67 

S. nihcensis 

10 


»* 

Ligularia tussilaginea 
{Senecio) 

30 


Miyaji 

Ishikawa. 67 

L, tussilaginea var, crispafa 

30, 31 


Miyaji 

Ishikawa, 67 

L* japonica 

±60 


Miyaji (v) 

Ishikawa, 67 

ClCHORlEAE 

Lapsaninae 




Lapsana humilis 

8 


Ishikawa, 67 

L. apogonoides 

22 



Crhpidinak 




Picris hievacioides 

5 


, , 

C rep is virens 

3 

6 

Rosenberg, J)2 

Beer, 41 

C)‘gt>y, 63 

Oales, 57 

Ishikawa, 66, 67 

C, tec tor lint 

4 

8 

Juel, 70 

Beer, 41 

Gates, 57 

Ishikawa, 67 

C taraxacifoUa 

4 

8 

Digby, 52 

Ishikawa, 67 

C. lanceoliita vai* platyphyl- 

5 

10 

Tahara and Ishikawa, 108 

C» japonica [turn 

Hieraciinae 

8 

16 

Tahara, 104 

Gates, 67 

Ishikawa, 66, 67 

Hteracium venosum 

7 

14 

Rosenberg, 91 

Gates, 67 

Ishikawa, 67 

H. auricula 

9 

18 

Rosenberg, 91, 94 

Gates, 57 

Ishikawa, 66, 67 

hU umbcllatum 

9 

18 

Juel, 70 

Gates, 57 

Ishikawa, 66, 67 

,, (apogamous race) 

17 

27 

1 ^ A 

Rosenberg, 94 

H. excel lens 

34 

! 

Rosenberg, 91 

Gates, 57 

Ishikawa, 66, 67 


18-f 18-f6 

42 

Rosenberg, 94 

FL Pilosella 

18 

36 

»» »» 

H. auvantiacum 

c. 18 

c. 36 

n M 

H, flagellar e 

21 

c. 42 

,, 91 

Gates, 67 

Ishikawa,.06, 67 

boreale 

27 


Rosenberg, 94 

H, latvigaium 

27 


»» ♦» 

//. lacerum 

27 


M tt 

FL pseudoillyricum 

27 


M ♦» 

Hypochoeridinak 




Taraxacum confevtum 

8 

16 

i 

Rosenberg, 93 

Gates, 57 

Ishikawa, 66, 67 
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Table XV (continued) 



■Hii 


References 

T. platycarpum 

8 


Osawa, 82 
lshika\va, 67 

T, officinale 

12-13 

24-26 

Juel, 70 


12-13 

26-30 

Gates, 57 


12-13 

20-30 

Ishika\va, 66, 67 

r, albidum 


36-40 

Osawa, 82 

Ishikawa, 67 

Lactucinae 



Lactuca denticulata 

5 


Ishikawa, 67 

L, Keisheana 

5 


Miyaji 

Ishikawa, 67 

»» 

Tahara and Ishikawa, 108 
Ishikawa, 67 

♦ » M 

L. lanciolata 

5 


,, wsLr.platypJiylla 

5 


L, tamagatvensis 

8, often 7 


L. stolonifera 

8 


» » » t 

L. villosa 

9 



L, lactniata 

9 



L, Thunbergia 

12, often 11 


>> »» 

L. debilis 

24 



Sonchus oleraceus 

16 



SCORZONERINAE 




Tragopogon pratensis 

() 

7 


Beer, 41 

Ishikawa, 67 

Calenduleae 



Calendula officinalis 

14 

28 

Lundegardh, 74 

Ishikawa, 66, 67 

Winge, 114 

Calendula sp. 

16 

32 

Rosenberg, 88 

Ishikawa, 66, 67 

Winge, 114 

Anthrmideae 

A NTH EM I DINAR 




Achillea Millefoiium 

24 ? 

48? 

Lundegardh, 74 

Ishikawa, 66, 67 

Winge, 114 

Anthemis tincioiia 

9 

18 

Lundegardh, 74 

Holmgren, 64 

Ishikawa, 66, 67 

Winge, 114 

ChRYSANTHEMI DINAR 




Chrysanthemum carinatum 

9 


Tahara, 106 

Ishikawa, 74 

Winge, 114 

C, coronarium 

9 


ditto 

C. japonicum 

9 


ditto 

C. lavandulcBfolium 

9 


ditto 

C. lineare 

9 


Tahara (v) 

Ishikawa, 67 

C, Marchalli 

9, 


Tahara, 106 

Winge, 114 

C, my con is 

1 

9 


Tahara (v) 

Ishikawa, 67 

C. Nipponicum 

9 


Tahara, 106 

Ishikawa, 67 

Winge, 114 

C. roseum 

9 


Tahara, 106 

Ishikawa, 67 

C, segetum 

9 


Tahara (v) 

Ishikawa, 67 

C. indicum 

18 


Tahara (v) 

Ishikawa, 67 
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Table XV (continueil) 


Species 


C. Leucanthemum 


C. hahusanense 

C. morifolium \ 2iV.genuhmn 
f . japonicum 

C, Decaisneamm 
C. arcticnm 
C. marginatMm 

Matncaria ambigua 

A/. Chamomilla 


Centipeda orbiculai is 
Tanacetum vtdgare 


Imjlrar 

Gnaphaliinar 

Antenniiria dioica 


A. aiptna 


Cynarhae 
Cakduinar 
Saussuna affinis 
Asterrae 
Bkllioinak 
Beilis perennis 

Hrtrrochrominae 
Erigeron philadeiphicus 

E strigosus 
E. duhius var. glabrata 

E. annuus 

E, linifolius 

Eupatorirak 
Agrratinak 
AgeraUnn conyzoides 
Eupatorium glandulosum 
Hklianthrak 
Mrlampodiinar 
Silph ium integri/olium 


24 ? 
20 

24-28 

24 

4S ? 50 
40-5') 
45-50 
45-50 


References 


Tahara, J06 
Ishikawa, 67 
Winge, 114 
Tahara (v) 
Ishikawa, 67 
Tahara, 106 
Ishikawa, 67 
Winge, 114 
ditto 
ditto 

Tahara (v) 
Ishikawa, 67 
Tahara (v) 
Ishikawa, 67 
Lundegardh, 74 
Beer, 41 
Ishikawa, 67 
Winge, 114 
Ishikawa, 67 
Rosenberg, 89 
Ishikawa, 66, 67 
Winge, 114 


duel, 69 

Coulter and Chamberlain, 50 
Gates, 57 
Ishikawa, 67 
duel, 69 

Coulter and Chamberlain. 50 
Gates, 57 
Ishikawa, 66, 67 


Ishikawa, 67 


Ishikawa, 67 
Winge, 114 

Land, 72 
Ishikawa, 66, 67 
ditto 

Tahara (v) 
Ishikawa, 67 
Tahara, 107 
Ishikawa, 67 
Tahara, 107 
Ishikawa, 7 


Ishikawa, 67 
49-52 kHolmgren, 65 


Merrell, 77 

Coulter and Chamberlain, 50 
Ishikawa, 66, 67 
Winge, 114 
Land, 72 

also 60, 66, 67, 114 


S. laciniatum 


(8) 


16 
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Tablh XV (continued) 


Species 


References 

S. ferebinthinaceum 

8 


Merrell, 77 

Ambrosiinar 


16 

Land, 72 

Ishikawa, 66, 67 

Winge, 114 

Xanthium Strumarium 
ZlNNllNAE 

18 


Ishikawa, 67 

Zinnia elegants 
Verbesininae 

12 


Ishikawa, 67 

Wedelia prostrata 

15 


Ishikawa, 67 

Helianthus annuns 

COREOPSIDINAR 

9 

16? 


Tahara, 105 

Ishikawa, 67 

HOnicke, 43 

Winge, 114 

Dahlia coronata 

16 

32 

1 

Ishikawa, 66, 67 

Gates, 57 

Winge, 114 

D. variahibs 

32 

64 

ditto 

Dahlia^ garden varieties 
such D . J mrezii andJD. 
gracilis believed to be de- 
rived from D. variabilis 
and /). coccineum 

32 

64 

Ishikawa, 66, 67 


occurring in Senecio. As Lactuca has been suggested to be the 
primitive genus of the Cichoriese, derived from the Senecioneae, it 
is interesting to note that the most frequently occurring number 
in this genus is 5. In the same genus, Lactuca, both 8 and 9 occur 
also (cp. Erigerov), so it is clear that the number may vary in one 
genus between the various cardinal numbers, 5, 8, 9, This being so, 
the derivation of the various numbers from the primitive series 
may quite easily follow the derivation already suggested of the 
various tribes from the Senecioneae. 

The various types of hybridisation, especially the forms of 
philosygoty and pathozygoty distinguished by Winge (114, pp. 196- 
201), account for the variation in number within each of the three 
main series. The origin of the 8 and 9 series from the 5 series may 
be accounted for by the passing of n — 1 chromosomes to one pole 
and of n + 1 to the other, as observed by Winge {loc. cit.) in 
Callitriche verna. More unequal division of the chromosomes has 
been observed by Rosenberg (94) in Hieracium ; the variations 
which he describes as semi-heterotypic include the migration of 
3 gemini to one pole and 21 unpaired chromosomes to the other, 
and similar, very unequally balanced numbers. 

C. Latex in the CoMPosiTye. 

The phyletic value of the facts concerning the distribution of 
latex throughout the family and in the individual plants is consider- 
able, but must always be subordinate to that of floral details. Col, 
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who has investigated the latex of the Compositse more closely than 
any other author, clearly recognised this. He writes (120d, p. 155) 
On juge en g^n^’al de Timportance d’un caractfere anatomique d 
sa Constance dans une famille ou une tribe etablie sur d'autres 
caract^res ; cela n’est un moyen certain qu’autant que ces dernieres, 
tirrfs le plus souvent des organes reproducteurs, ont valeur r6elle.’* 

The interpretation of these anatomical facts depends to a large 
extent on the theory which is adopted of the physiological function 
of latex and laticiferous tubes and vessels. Many theories have 
been given, such as the excretion theory of Treviranus, 1827, (see 
124), who compared the laticiferous vessels with gum-resin canals 
That latex is an excretion has been held by De Candolle 
(Physiologie v^g^tal, 1832) and Richards (Elements de botanique, 
7th edit.). That latex is a secretion with a protective function has 
been held by Schimper (140), Groom (130), Tschirch (160), Kny 
(135), Czapek (120) and Sharpies (142). The analogy of latex to 
the blood suggested by Schultz (1841) was developed by Tr6cul 
(146), who considered the laticiferous vessels to be “ le syst6me 
veineux and the xylem vessels to be “ le syst^me art^'iel.^' 

Many others have considered that latex has a nutritive 
function and is translocated, such as Treub (148), Biffen (117) 
who got positive experimental results for the translocation of sugar 
and proteid, Schwendener (141), Faivre (123, 125-6), Jussieui 
Decaisne, Naudin, Hanstein (132), Schullerus, Haberlandt (131) 
and the writer (143). This theory is opposed by Schimper, Groom 
(130), Kniep (134), Leblois (136) and to a certain extent by 
Maugham (137). 

Spence (145) considers that caoutchouc is a food reserve, rich 
in chemical energy, which is rendered available by oxydases, and he 
compares it with the glycogen in the liver which is broken down 
by glycolytic enzymes. The proteids are rendered available by 
proteolytic enzymes (127-8). That the laticiferous system has 
a dual function, nutritive and excretory, has been held by Sachs 
(Physiol, of Plants) and Faivre (124). Finally, a waterrstorage 
function has been suggested by Parkin (138). 

The latex-containing elements in the Compositse are cells, sacs 
or vessels. Comparisons in this family and in others, especially in 
the Nymphasaceae, show that a series of transitions occur even in the 
same genus, from isolated, isodiametric cells containing latex 
through elongated, isolated, latex cells to sacs consisting of two or 
three elongated cells placed end to end, as in Nuphar and 
Nelumhium^ or longer sacs consisting of numerous cells in long 
rows, as in Brc^senia and Ci\bomba (144, Vol. I, pp. 48-9), 
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Numerous cases of transitions from such sacs to vessels are 
known; the vessels, indeed, frequently show the sac stage before the 
walls break down to produce the typical anastomosing system. 
Transitions between vessels and tubes are recorded for Hevea and 
Manihot (Buphorbiacese) and for Tnpa salicifoUa (Lobeliaceae), cp. 
Tr^cul, 146, Tome VII, p. 178. Transitions from the common oleo- 
resin canals of the Compositae to laticiferous vessels are recorded 
by Tr^cul (op. cit., p. 181) in Gundelia Tournefortii of which he 
remarks “ Ces vaisseaux donnent done un degr^ de transition de 
plus entre le canaux oleo-resineux des autres Compos^es et les 
laticiferes les plus parfaits.*’ See also 137a for somewhat similar 
canals in the primary and secondary phloem of Rhus, 

Cells containing oleo-resins are so common in higher plants as 
excretory organs that the widespread occurrence of cells which 
also contain reserve proteid and carbohydrate does not call for 
any particular explanation. 

The elongation of these cells and their organisation into 
sacs and vessels, with the extreme and peculiar case of the 
development of tubes instead of vessels, is best regarded as part 
of the epharmonic variation which produces climbing plants. 

Before developing this suggestion it will be advisable to 
consider the function of laticiferous tissue in general. The oleo- 
resin cells are in the first place mere receptacles for excretory 
products; the same may be said of these cells as Record says of 
resin tracheids (139), they “ represent one form of reservoir 
for excretions.” The addition of reserve food material — proteid (129), 
etc., caoutchouc (145), carbohydrate, etc. — need not change or 
eliminate the excretory function. The second class of material 
is rendered available for immediate use by specific enzymes, which 
would separate the secretions from the excretions by solution 
and diffusion. The simple, isolated latex cell has, therefore, two 
functions ; it is a receptacle for excretions and for food reserves. 

The organisation of the cells into sacs produces no change in 
this duality of function. The food reserves still require to be 
dissolved before they can pass from one cell to another, from one 
part of the plant to another. The breaking down of the dividing walls 
when the sacs become vessels renders possible the translocation of 
the solid materials from one part of the vessel to another part of the 
same vessel no matter how distant it may be. That such 
translocation of solids does take place is considered proved for 
Lactuca by the preliminary experiments described by the writer 
(143). That translocation of sugars in solution takes place is 
proved for Euphorbia by Biffen’s quantitative analysis of the sugar* 
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content of the latex in undarkened and darkened leaves (117). 
That both sugars and proteids are manufactured in the leaf and 
pass at once into the laticiferous vessels or tubes is rendered very 
probable by the above experiments, by the fact recorded by Biffen 
(Joc.cit.) and others that the blind-endings of the laticiferous system 
are generally connected with the palisade cells of the chlorenchyma, 
and by the fact that in the Compositae ** it often happens that the 
laticiferous ducts are actual sieve tubes or are at least continuous 
with elements of that nature (133, p. 433). 

Laticiferous tubes can be considered as a special development 
of the vessels. The first stage is seen in Tupa salicifolia, whei^ 
some of the cells comprising the vessel are branched. 

The conclusion from the known facts is then that the tubes or 
vessels forming the laticiferous system exercise two functions; 
they are reservoirs for excretory products and at the same time are 
canals along which food materials can be easily and rapidly 
translocated to considerable distances either in solution or in the 
solid condition, and in which these same substances can also be 
stored until required. 

If an explanation is sought for the development of this parti- 
cular method of translocation in some groups of plants and not in 
others, ’the general prevalence of the climbing habit in those groups 
which show laticiferous tissue becomes significant. The four 
families in which laticiferous tubes occur, Euphorbiaceae, Moraceae, 
Apocynacese and Asclepiadaceae, are well known to contain quite 
a number of climbing species. The same is true of many of the 
groups in which laticiferous vessels occur, e,g., Araceae, 
Convolvulaceae, Lobelioideae and Clusioideae (cp, Tr6cul, 146). 
Other families which show laticiferous sacs or vessels, such as the 
Nymphaeacese and Musaceae, are herbs which develop long stems, 
petioles or peduncles by rapid growth. It is of interest to note 
also that in the Gymnosperms one of the few genera with many 
climbing species, Gnetum, has latex tubes in some species, 

G. africanum (122) and G. Gnemon (119). 

Oleo-resin or mucilage canals occur in a still larger number of 
families. The use of such canals by climbing plants or giant herbs 
for the translocation of food materials easily and quickly along 
stems where the cross section of the phloem is small compared 
with the size of the plant and the length of stem is just what might 
be expected. The writer, therefore, suggests that the. development 
of the oleo-resin canals into a laticiferous system is part of the 
response to environment (epharmonic variation) which produces a 
climbing plant from an erect one. Such an advantageous character 
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^ would not readily be lost if the climber again developed the habit of 
an erect shrub or herb, especially if the phloem had become reduced 
in the interval. This would explain the relatively few cases, such 
as the Papaveracese and the nun-climbers in the above mentioned 
groups, in which latex occurs in comparatively low-growing herbs 
or shrubs. 

The present is not a suitable opportunity to develop this 
theory fully and we will proceed to apply it to the particular 
problem of tlie development of latex in the Compositae, Laticiferous 
vessels and the climbing habit are concomitant characters in the 
Siphocaiiipylus-Centropogon ancestors of Senecio, In that genus 
and in all the Senecionese which have been examined there is a 
system of oleo-resin ducts throughout the root, rhizome and 
aerial stem (see Pig. 77). The explanation of the absence of 
food materials from the canals in this case is to be found in the 
facts given in Chap. XI, C-D. it was shown there that the 
dominant feature of the evolution of Semcio from the Siphocampylus 
group must have been the dwarfing of the plant in an Andine 
habitat and the aggregation of all the aerial parts. This is the 
very opposite of the phenomena which, on the above theory of 
latex, lead to the development of a laticiferous system. In these 
circumstances it is not surprising that the duality of function 
ceases and the laticiferous vessels degenerate into oleo-resin ducts 
with only an excretory function. For this reason an examination 
of Lysipomia from the latex point of view would be very interesting. 
Rhizocephalum (another Andine genus) and Apetahia, the other 
two genera which show considerable reduction in the gynoecium 
(cp. Chap. XI, C) have already been examined for latex with 
negative results (144 and 156). It is probable, therefore, that the 
change to oleo-resin canals had taken place during the dwarfing of 
the Andine plants before the origin of Senecio. 

We thus arrive at a definite point of view with regard to the 
primitive condition of the secretory apparatus in the Compositse : 
i,e., Senecio, being derived by a dwarfing process from the 
Lobelioideae in which a laticiferous system extends to root, rhizome 
and aerial stem, has that system modified by the loss of its nutritive 
function into a series ot oleo-resin canals, which also extends to 
rhizome and aerial stem. 

Although many authors have contributed to our knowledge of 
the secretory apparatus of the Compositse (see Paivre, 125-6, Kny 
135, Triebel 149, Van Tieghem 151-3, Vuillemin 154-5, Leblois 136- 
Tr^cul 146-7 and Bibliography in Solereder 144) Col has given the 
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Fio. 77. Distribution of Secretory Tissue in the Composit^e : modified 
rom Col. For explanation, see text. 
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ences and he summarises the facts conveniently in a series of figures 
(120d). Pig. 77 is a copy of his Tab. II with some modification in the 
nomenclature and some additional genera added from his Tab. III. 
The three columns on the left indicate by the hatching, etc. the 
character of the secretory apparatus present in root, rhizome and 
aerial stem of the genera and groups on the right. 

In his final contribution Col considers the phyletic value of 
the facts and gives two hypotheses for the development of the 
secretory canals in the Compositae. According to the first the 
canals are in the process of disappearing completely or of being 
replaced by laticiferous elements. On this view he points out that 
the Senecioneae and Astereae are the primitive groups and the 
other tribes are grouped around them. According to the second 
the canals are in the process of appearing and in this case no 
primitive groups are indicated. 

Although he says he prefers the latter hypothesis, he also 
states very definitely that he has given the tables and the two 
hypotheses ** pour mettre . . . . les taxinomistes futurs de tenir 
compte des donndes de Tappareil secreteur interne de Taxe des 
Compos^es. Les affinit(fs entre les groupes de cette famille sont 
si grandes, qu’il faudrait renoncer a une classification bas^e sur 
I’ensemble des caracteres, avant de connaitre d’une fa^on precise 
la valeur de ces caracteres, et les causes de leurs variations.’* 
The problem is, therefore, quite an open one as far as Col is 
concerned, but in view of the preceding investigation* of phylesis 
in the Compositae and the origin of the family from a group in 
which a secretory apparatus is fully developed, there can be no 
doubt that the first hypothesis is the correct one. 

The facts are given in Pig, 77, and there is little that it is 
necessary to add, except that in the Senecioneae and Astereae the 
canals of the aerial stem are situated opposite the vascular 
bundles, are usually only feebly developed in or immediately 
within the endodermis, and are very similar to the simple canals 
of the rhizome. In all those cases, also, where canals of any kind 
are absent from a part of the aerial stem (as in Asteriscus^ Inula ^ 
Madia) the canals which are present in the rest of the stem are 
situated at the sides of the vascular bundles. Echinops and Heleniunt 
have only sacs but they also are laterally placed. Further, th^ 
species in which the secretory tissue is present in the rhizome and 
entirely absent from the aerial stem belong to those tribes in which 
canals or sacs are lateral when present. 

Considering Pig. 77, the Senecioneas are again indicated as the 
pi^imitive group. The Astereae- Eupatorieae line is quite clear, with 
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the advanced position of at least some of the Heterochrominae 
{Aster and Eurybia) and of the Baccharis group conflrmed. The 

CICHORIEAE 


VERnoniEAE 



CAHAiJX 

^^5£CR^T£UftS 


TiGf 


Pig. 78. AlHnities among the Composltae as shown by the distribution 
of secretory tissue ; modified from CoL 
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position of the Anthemidess, Heliantheae and Heleniese is in 
accordance with Pig. 7, except that a close affinity has again to be 
noted between the Senecioneae and Heleniese (cp. Chaps. V, D and 
X, D). The somewhat abrupt disappearance of the canals from 
the stem in the Calendulese and Arctotideae {Ursinia and Arctotis) 
is not surprising when the variation in a single tribe (as in the 
Cynareae, Mutisieae, etc.) is observed. 

In the Vernbnieae two distinct types occur ; the appearance 
of laticiferous sacs in Vernonia may be correlated with the climbing 
habit of many of the species and a thorough examination of the 
climbing species of Senecio would be of interest in this connection. 
The derivative position of the Lychnophorinae is confirmed by the 
total absence of secretory canals from the stem. 

The distribution of the canals in the Inuleae raises again the 
question of the monophyletic origin of that tribe. The “ Gnaphalibes 
of De Candolle ” includes the first seven sub-tribes of the Inuleae 
of Bentham. The facts indicate a diphyletic origin, as suggested in 
Chaps. IV, P and VI, C. The variation in Inula would account 
for the distribution of the secretory apparatus in the Athrixiinae 
and Relhaniinae. 

One of the most interesting points is that the secretory 
apparatus is equally developed in the Senecioneae, Inula Helenium, 
Buphthalmum and the Centaureiiiae. The only difference is that in 
the flrst and last groups the canals are opposite the vascular 
bundles, while in the other two they are placed laterally or 
between the bundles. The origin of the Cynareae from the 
Buphthalminae thus receives confirmation. In Cynara and 
Saussurea (Carduinae) the development of the canals is the same as 
in the Centaureinae, so that the position of the Bchinopsidinae as 
derived from the Carduinae (Pigs. 7 and 77) is confirmed. The 
Carduinae show a gradual development of laticiferous sacs 
possibly connected with the ecological conditions which have 
played so conspicuous a part in the development of the Cynareae, 
(cp. Col’s conclusion from his experiments that the environment 
determines the appearance of the secretory organs in some 
Compositae but not in others (120d, p. 164). The change in the case 
of the Cynareae would be rendered easy by the ancestral laticiferous 
characters, which, although suppressed, do not appear to have 
been completely lost. The Carlininae show a wide range from 
Carlina acanthifolia with anastomosing laticiferous vessels to C 
caulescens, Xerantheinum and Cardopatium. This is in accordance 
with the derivation of this sub-tribe from the Carduinas (Pig. 7), 
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the Carlina group corresponding to the Cirsium line and the 
Xeranthemum group corresponding to the Echinopsidinae, 

The somewhat anomalous genera, Warionia and Berardia^ 
were removed from the Carduinse of Bentham and placed in the 
Mutisieae by Hoffmann, for reasons which are not given but may be 
found in Bentham’s note on the latter genus (I, 8, p. 474), 
Although he was not quite certain about the position of these two 
genera, Bentham’s opinion as expressed in his classification is to be 
preferred to Hoffmann’s, who seems to have followed on more 
than one occasion the former’s suggestions of alternative affinities 
with no further evidence or reason. The Mutisieae can, therefore, 
be regarded as a more or less homogeneous group as far as the 
secretory canals are concerned. The tribe shows a clear gradation 
from genera similar to the Senecioneae to the extreme cases of 
Chaptalia and Barnadesia. 

Considering the fact that reversion to the ancestral condition 
is shown in the Cynareae, the appearance of laticiferous vessels or 
sacs in Gundelia and Gazania (Arctotideae) may be taken as 
confirming the derivative position of the Gundeliinae and Gorteriinae 
(cp. Fig. 7). 

The Cichorieae have the laticiferous system well developed ; 
the only genera which show oleo-resin canals in the root are 
Scolymus and Scorzonera. In Chap. VII, C, it was suggested that 
the receptacular paleae are atavistic; the Cichorieae also show 
reversion to their Lobelioid ancestors in the posterior split of the 
corolla. This atavism is easily understood if the tribe is closely 
related to the Senecioneae. There is then only one step between 
the Lobelioideae and the Cichorieae, so that reversion should be 
comparatively easy. This close affinity, combined probably with 
the environment at the time of the origin of tribe, explains the rever- 
sion of the Cichorieae in the secretory apparatus as well as in the 
corolla and receptacle. 

Col gives a figure (120d, Tab. IV) representing ‘‘sur un plan la 
terminaison de I’arbre genealogique de la famille de Composdes,” 
in which he indicates affinities as shown by radiate capitula, 
presence of receptacular paleae and tailed anthers, in addition to the 
characters of the secretory apparatus. As his treatment of the 
first three characters is somewhat superficial and inaccurate, it 
has been omitted from Pig. 78, which is a reproduction of Col’s 
Tab. IV, modified to occupy less space but with the affinities as 
indicated by that author. 

Although this (Pig. 78) is considered to represent the ends of 
the phyletic lines, the capitula of the corymb so to speak, several of 
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the affinities which have been considered in previous chapters can 
be traced. 

As shown above, however, much more evidence can be adduced 
in favour of the phylesis as expressed in Fig. 7, Chap. II, and 
modified in subsequent chapters. The facts concerning the secretory 
apparatus are not only in agreement with the general lines of 
evolution but confirm a number of detailed affinities in a very 
interesting fashion. As this conclusion is arrived at by the use of 
the theory of latex outlined above it serves as a confirmation of the 
usefulness of such a theory, if not also of its actual truth. 

In spite of the extensive work by Col and others on latex in 
the Compositae, much remains to be done as our knowledge is still 
incomplete. This fact is well illustrated by the recent description 
(116) of latex sacs in a species of Parihenium (Melampodiinse), one 
of the advanced Heliantheae, in which latex is present in sufficient 
quantity to be of possible commercial value as a source of Guayule 
rubber. Another source of rubber is Hymenoxys floribunda 
(Heleniinae) but the quality is said to be inferior (see 119a). 

D. Some Isolated Data. 

There remain to be considered some isolated data referring 
to morphological and physiological characters which are of minor 
importance or which do not extend to a representative number of 
genera aqd tribes. 

Seedling Structure. 

The work of Dufour (I, 26) and Lebard (I, 53), which was 
mentioned in Chapter I, is now of more interest. Lebard derived 
the Cichorieae from the ‘‘ Tubuliflores ” through the genera with 
long, narrow cotyledons, the Leptocotylees of Dufour. The 
examination of an extensive and representative collection of 
seedlings grown for the purpose shows that the broad cotyledon 
is the predominant type throughout the Tubuliflorae ; it may be 
long or short but only in a minority of genera do we find the long 
cotyledon also linear and in still fewer is the short cotyledon at all 
narrow. Lubbock (167) considered that “One of the simplest 
types of embryo is that seen in the species of Senecioy' where the 
cotyledons are short and oblong-obvate. 

Lee’s work (I, 54} on the seedling anatomy of the Compositae 
led him to the conclusion that such data are of no use in questions 
of affinity. There is a marked divergence of opinion on the primitive 
type of root, diarch or tetrarch (cp. Thomas, 170). Only one type 
of transition with variations occurred in the fifty species of 
Compositae examined ; these were all diarch or tetrarch and showed 
variations between these extremes in nearly related species or 
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in different examples of the same species. This is only to be 
expected after Compton’s proofs (160) that in the Leguminosse 
the type of vascular anatomy in the seedling is correlated with 
the size of the latter. Hill and de Praine (164), using examples 
from the Compositse and other families, found that the area of the 
cross-section of the vascular bundles in the seedlings is correlated 
with the surface area of the cotyledons. Lee {loc. cit.) found that 
in the Compositse there are also variations which cannot be 
correlated with any external factors or characters. 

The cause of much of the variation in the anatomy of the 
seedling is thrown a step further back by Lubbock {op, cit., p. 102), 
who says “ The prevailing type of the cotyledons in the seedling 
stage is spathulate, a shape due to that of the seed, which in turn 
strictly conforms to the interior of the fruit.” The shape of the 
fruit clearly depends 011 the conditions under which it matures, for 
example, the fruits in the centre of the capitulum of most thistles 
are quite straight, but those around the outside are curved and 
have the pappus inserted obliquely. The narrow fruits of 
Scorzonera and Tnigopogou mature on a flat receptacle, while 
enclosed by a long, rigid involucre. The result is the long, narrow 
cotyledon characteristic of these genera. In other genera where 
the fruits have more room to expand radially instead of longitudin* 
ally the short, broad type of cotyledon results. 

In the seedling, as in the embryo, Senecio shows theprimitive 
type, and Lebard’s scheme (Table IV, Chap. I) must be reversed. 
This brings the genus Lactuca into the primitive group of the 
Cichoriess and the scheme, with some modification, is then in 
accordance with the views on the evolution of the Cichorieae given 
in Chap. X. With the Senecio or Lactuca type as primitive the 
variation in the other tribes, although in most cases considerable, 
is in accordance with the general lines of phylesis as deduced from 
other data. 

Pericarp. 

Various authors (61, p. 283; 169, 172, etc.) have investigated 
the detailed structure of the ovule, but Lavialle’s extensive work 
on the pericarp is the only one which yields interesting phyletic 
data. His conclusions are given in Pig. 3, Chap. 1, and are of 
interest as far as the Cynareae are concerned. The Cehtaureinae 
and Carduinse appear as a large basal group from which the 
Carlininse are given off, with Atractylis as an intermediate genus 
and Xeranthemuin connecting with the Mutisieae. Thb Bchinop* 
sidinse are given as derived from the Carlininse (cp. Pigs. 7 and 79). 
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AnAiomy. 

The general anatomical characters of the Compositse are of 
little use in classiflcation of groups above the rank of genera (cp. 
Vuillemin and Hildebrandt, Chap. 1, B, also Michael, 168), but a 
critical analysis of the facts might well lead to the elucidation of 
evolutionary principles, if the main lines as laid down in Chapter 
XIII and Pig. 79 were taken for guidance. 

An interesting point is mentioned by Whitaker (173), namely, 
the occurrence of internal phloem in the leaf traces as they pass 
through the cortex ; this is figured for Solidago and mentioned as 
a general feature ‘‘of the genus and probably of the family." 
Various types of phloem development have been observed in these 
leaf traces; it may be all round the xylem, as it is sometimes in 
Olearia Haastii, or almost completely encircling the xylem, as in 
some species of Senecio, or of the bicollateral type, as in other 
species of Senecio, These facts are of interest on account of the 
bicollateral bundles of the Cucurbitacese, one of the lowest families 
of the Campanulatae. For other anatomical anomalies, such as 
“ inverted " bundles, medullary bundles, etc., the reader is 
referred to Solereder (144) and the papers there mentioned. 

Phyiochem is try . 

Systematic phytochemistry is a subject which must be largely 
developed in the future if there is to be any rational exploitation of 
plants. Hallier (163) deals with it in a general exposition of what 
is known and Greshoff (162) makes a strong plea for this eminently 
utilitarian study. Comparative phytochemistry is sometimes of 
distinct value in cases of doubtful affinity (cp. 163 and X, 39), and 
if the subject were properly developed it would at least remove the 
stigma from science which results from the fact that up to the 
present our knowledge of the medicinal properties of plants rests, 
in practically every case, on the experience of savages or bar- 
barians. Only in a very few cases has civilised man discovered a 
new medicinal plant, either in his own or in any other country. 

The literature of the subject, so far as the Compositae arc con- 
cerned, is so scattered through chemical and pharmaceutical 
publications that only one or two interesting points can be 
noticed here. The subject awaits a proper systematic in- 
vestigation both practically and bibliographically. 

The medicinal properties of the Compositae are discussed 
in a general way by Lindley (I. 56, pp. 199-201). Greshoff (loc.cit.) 
records the occurrence of cyanogenetic glucosides in a number of 
genera, notably in the Cynareae and Anthemideae, also of saponin 
in a smaller number of genera. Two alkaloids, senecionine and 
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senecine, are recorded for Senecio vulgaris (161). The intimate 
relationship of Senecio and Ligularia is emphasised by the 
occurrence of senecioic acid in Ligularia tussilaginea (157), while 
the less close relationship of Arnica and Tussilago is confirmed by 
the occurrence in the latter of faradiol, a bivalent dextropbytostero! 
closely related to arnidiol, a constituent of Arnica (165-166). 

Many of the constituents of the latex, oleo-resins and gum-resins 
have a commercial value, but the most interesting case is 
Stevia Rebaudiana^ the dried, powdered leaf of which is 40-50 times 
sweeter than any other natural product and can be used in the 
crude condition as a non-toxic substitute for saccharin. The sweet 
constituent is a glucoside, estevin or eupatorin, and the sweetening 
power of the pure substance is 150-180 times that of cane-sugar 
(see 171 for review of facts and literature)* 

Much more is known of the chemical constituents of the 
Compositae but much more still remains to be added before the 
facts can be used in a rational manner, either in the investigation 
of phylesis or in the utilisation of the plant products for economic 
purposes. 

Pappus, 

Since Chapter V was written some adverse criticism has been 
made of the views there expressed on the trichome nature of the 
pappus. Furtherevidencehasarrivedalso,which supports the trichome 
theory in a very interesting way. As no decided opinion on the 
fundamental nature of the pappus was expressed in the previous 
account, the issue will now be made clear. The present writer holds 
that the pappus is a trichome structure or an emergence and not a 
divided calyx, for the following reasons : — 

(1) . The structure of the mature pappus, even in the 
paleaceous forms, is that of a series of hairs which have become 
fused throughout all or part of their length, either side by side to 
give a scale or in a mass to give a seta or awn. 

(2) . The development of the members of the pappus is either 
that of a typical trichome or that of an emergence, such as the 
surface spine of the thistle-leaf, which is comparable with some of 
those anomalous cases in which vascular bundles have been found 
in the pappus. 

(3) . The primitiveness of the scabrid seta is in conformity 
with the evolution of the family as deduced from other data. 

(4) . The predominant type of pappus in the fossil forms is the 
setose type. No fossil foliose pappus is known. 

(5) . The similarity of the setae to the achenial hairs is very 
marked. In the primitive genus the latter are already biseriate and 
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have a bicellular pulvinus (Pig. II, Chap. V) which causes the hairs 
to diverge in moist conditions; the former are pauciseriate and 
have a pulvinus which causes the setae to diverge in dry conditions. 
This difference in the action of the pulvinus may be due to the 
position of the setae on the top of the pericarp and in any case is 
probably epharmonic. 

(6). Blake has pointed out (159, p. 6) the general concomitance 
of the presence of pappus and the presence of achenial hairs or 
the absence of pappus and the absence of achenial hairs. This 
“ pair of linked characters (pappus and pubescence of the achene).*’ 
is used by Blake {op, cit., p. 48) to separate two varieties of 
Viguiera flava, v^h\c\\ are “sometimes growing together and not 
separable by any other character.’’ An extensive examination 
shows that the linkage of these two characters is very common 
throughout the Compositae in tribes, genera, species, varieties and 
forms. There are a few exceptions but the great predominance of 
the linkage is sufficient to render it almost, if not quite, certain 
that the two characters are inherited together. As they apparently 
behave as one character, there seems to be no real reason why they 
should be regarded as two distinct units in the genetic constitution 
of the plants. One systematist aptly summarised the point, when 
he said that “ one could not properly describe a pappose achene 
as glabrous.” 

Since there is no conceivable reason why the character of a free 
calyx-limb should be linked with the chai acter of pubescence of the 
achene, this new point is regarded as decisive. 

The teratological specimens of Treub (V, 66) and Worsdell, 
(IV, 96) are properly explained by Buchenau’s observations (see 
Chap. V, A) of a pappus inserted upon five green leaflets, which were 
developed in inverse proportion to the pappus. As the true sepal 
aborts the hairs upon it become larger until they are the only 
structures left. In this sense only can the pappus be regarded as 
a reduced calyx. This would also account for the occasional 
grouping of the setae in five more or less obscure bundles and the 
subsequent fusion of these bundles of setae to give five awns or 
paleae. 

Pubescence of the sepals is very frequently linked with 
pubescence of neighbouring parts such as the pericarp, the outer 
layers of which may be formed in the Compositae from the fused 
calyx tube. Another point in favour of this view is that where 
hairs occur on the corolla they may be organised into a pappus as 
in Leontopodium (cp. Worsdell, IV, 95, p. 77 and Chap. V, A). 

Since all the facts adduced in support of the phyllome theory can 
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be easily and adequately explained by assuming that the pappus is 
in part, at least, a development of the hairs which were inserted on 
the now aborted free calyx segments, the evidence in favour of the 
trichome or emergence nature of the organ admits of no other 
conclusion regarding the origin and essential homologies of the 
pappus. 
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Chapter XI 11. 

GENERAL CONCLUSIONS. 

T he results of the present investigation of the Compositae 
are chiefly of two kinds; the phylesis of the family and 
of its chief groups has been elucidated, and various theories 
have been given to account for the origin and development of the 
structures and physiological and cytologicai phenomena which 
occur in the family. The historical evolution of the tribes is 
discussed briefly in the first chapter, together with previous 
phylogenetic suggestions. As these suggestions were in most cases 
based upon only one or a few characters it is unnecessary to 
discuss them in detail. It will be sufficient to point out that the 
affinities of the tribes suggested in the present account have 
almost all been recognised by previous synantherologists. 

The results of general importance are summarised below. 
Styles and Stamens. The evolution and biological signiflcance 
of the appendages of the styles and stamens have been elucidated 
and the general economy-tendency has been shown to extend to 
the polliniferous tissue. The two general principles, " the pro- 
gressive sterilisation of potentially sporogenous tissue” and the 
elaboration of the sterilised tissue, are exemplifled in the evolution 
of the anther appendages. 

Irritability of the Stamens. Our knowledge of thigmotropism 
of the stamens has been extended to all the tribes, except the 
Bupatoriese and Vernonieae, and to most of the sub-tribes of the 
family. Subsidiary results of the investigation of irritability are 
the new record of thigmotropism in the style of Gazania splendens, 
the differentiation of five types of movement of the stamens, and 
the theory of the differential changes in the permeability of the 
cells of the filaments as the cause of the movement. 
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Corolla. The ray florets are shown to be essentially bilabiate 
HI development and structure, and the occurrence of inner rows of 
ray florets is shown to be related to the food>suppiy of the capit- 
ulum. Other results of the investigation of the corolla are the 
elucidation of the evolution of colour in the family from yellow, 
through orange and white, to red, purple, violet and blue, and the 
recognition of the filiform corolla as a reduced type. 

Pappus. The setose pappus is proved to be primitive by ite 
mature structure (Chap. V), by the presence of a pulvinus, by its 
development in the individual and in the family, by its common 
occurrence in the earlier known fossil Compositae, and by the 
correlation between pubescence of the achene and presence of 
pappus (Chap. Xll, D). Subsidiary results of the investigation of the 
pappus are a re-afflrmation with new evidence of its trichome 
nature, and the elucidation of the evolution of the various types 
from the scabrid setae by fusion and reduction, two tendencies 
which are recognised as general in the other parts of the flower and 
inflorescence of the family. 

Origin of the Capitulum. The development of the capitulum 
is shown to be due to the abortion of the pedicels in a racemose 
umbel rather than the non-elongation of the main axis of a spike. 
All the essential characters of the capitulum are explained by this 
theory. 

Involucre. Two parts are differentiated in the involucre, the 
pericline and the calyculus. The primitive involucre is shown to 
be one with an uniseriate pericline and a slightly developed caly- 
culus. This is confirmed by the structure of the earliest known 
fossil involucres. 

Receptacle. The receptacular alveoles and setae are shown to 
be new outgrowths, and the detailed structure and distribution in 
the family of these and other receptacular appendages are 
explained. The paleae of the receptacle are regarded as atavistic 
to a pre-Composite ancestor when they subtend the florets, and 
as a development of the flmbrillate type of appendage where, as in 
the Cynarese, they do not subtend the florets. 

Phyllotaxis, The pericline and calyculus are shown to be 
distinct structures; the pericline is the row of members tran- 
sitional between the curve-system of thecauline leaves or calyculus 
and the curve-system of the disc florets. These transitional 
members subtend the ray florets in radiate capitula. The peri- 
cline is, therefore, primitively uniseriate. Other results of the 
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investiiiation of the phyllotaxis are the proof of the primitiveness 
in the family of alternate phyllotaxis in the cauline leaves, and the 
elucidation by Church’s work of the rules governing the number of 
rays and the general symmetry of the capitulum. 

Emit Dispersal, Winds of comparatively small velocities are 
proved to he sufficient to disperse pappose fruits to any distance 
under proper conditions of atmospheric humidity. A method and 
a formula' are given for calculating from the rate of fall in quiet 
air the minimum wind necessary for the dispersal of pappose 
fruits. A new type of anemometer of considerable accuracy is 
described. New experimental methods for determining the rate 
of fall in quiet air and the minimum wind necessary for dispersal 
are given. The hydrodynamics of the wind-dispersal of pappose 
fruits are elucidated. 

A preliminary explanation is given of the general phenomenon 
of the elongation of the stalk of the fruit or spore-sac which in 
most cases immediately precedes fruit- or spore-dispersal. This 
explanation is also applicable to the elongations of the axis which 
take place in the female cone of Pinus. 

Geographical Distribution. The previous phyletic conclusions 
and the validity of the Law of Age and Area are confirmed by the 
geographical distribution of the species, genera and tribes of the 
family. The principle of physiological differentiation and restriction 
of area is elucidated. Other points illustrated are the irreversi- 
bility of evolution, the development of peculiar types in each 
well-defined climatic region, the correlation between ecological 
conditions and the vegetative forms assumed in the various tribes, 
and the existence of definite centres of origin and paths of migration 
for the various tribes. 

The explanation (Chap. X, A) of the espalier and cushion 
forms of plants by permeability changes which are directly due 
to the environment is of particular interest, since this view of 
epharmosis is capable of’extensive development both experimentally 
and theoretically (cp. Chap. Ill, D, and Bib. Ill, 49-50, and X, 68a). 

Origin of the Composites. It is shown to be highly probable 
that Senecio originated from the Lobelioidese' by orthogenetic 
saltation and epharmosis in late Cretaceous or early Tertiary times 
in a particular region of South America. An eclectic theory of 
evolution is suggested and a close analogy is traced between 
orthogenetic saltation and the disintegration proceSs of the radio- 
active elements. 

’ See footnote on page 178. 
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Fossil Composite. A list is given of most, if not all, known 
fossil Compositae. The occurrence of the various types of fossil 
Compositae fruits is shown to be in accordance with the phyletic 
suggestions in previous chapters. 

Cytology. Considering relationships within the family, the 
chromosome number is shown to be of some phyletic value. The 
development and type of haustorial antipodals also agree with 
previous phyletic suggestions. 

Latex, A general theory is given of the evolution and functions 
of laticiferous tissues ; the functions are excretory and nutritive ; 
the evolution is suggested to be the result of epharmonic adapta* 
tion to a climbing or rapidly-elongating habit, which requires the 
easy and rapid translocation of food materials obtained by the 
development of a laticiferous system. 

These are the general results, as distinguished from the 
phyletic results, which will now be discussed for each tribe. 

Phylbtic Conclusions. 

Senecionece. The main thesis of the preceding chapters is that 
Senecio was the first genus of the Compositae to come into existence 
and that it has directly or indirectly given rise to all the other 
genera of the family. That Senecio is the basal genus of the 
Compositae is a theory which is supported by all the details of its 
vegetative and floral morphology, physiology and cytology, i.e,, 
the chromosome number, the antipodal haustorium, the anomalous 
septa and lateral placentae in the ovary, the simple structure of 
the seed and seedling, the simple appendages of the styles and 
stamens, the simplicity of the pollen-presentation mechanism as a 
whole, the simple type of irritability of that mechanism, the 
numerous species and varieties with discoid capitula, the variation 
in form, development, colour and vascular anatomy of the corolla, 
the setose-scabrid pappus, the pulvinate achenial hairs, the small, 
flat, simple receptacle, the uniseriate peripline, the slightly devel- 
oped calyculus, the alternate phyllotaxis of the cauline leaves, the 
development and contents of the secretory system, and the 
extreme plasticity of vegetative organisation or low physiological 
differentiation as shown by the marked response to a variety of 
ecological conditions. This theory is also confirmed by the 
geographical distribution of the genus and its close approach in the 
details of florakstructure to the ancestral genera in the Lobelioideae. 
The 2500 species of Senecio, constituting 10% of the Compositae, 
form a very substantial " trunk ’’ for the family tree (Pig. 79). 
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The origin of Senecio from the Siphocampylus-Centropogon group 
of the Lobeiioiiiese somewhere between the forests of the Amazons 
and the heights of the Andes has been proved as clearly as is 
possible without actual ocular demonstration of the process. The 
evolutionary processes involved in this origin are shown to be 
orthogenetic saltation and epliarmosis, and the date of the event 
is indicated by the geological evidence to be the late Cretaceous 
Period and approximately the same as the date of the first upheaval 
of the Andes. 

The Senecioninse consist of a group of genera closely related 
to Senecio. The detailed evolution of the genera in this sub-tribe 
is interesting, but is reserved, together with the detailed generic 
evolution of the other tribes, for future contributions. The facts 
of floral morphology and geographical distribution which are 
available should be supplemented by other data before any attempt 
is made to deal with the details of phylesis in the smaller sub- 
divisions of the family. It will be sufficient for the present to 
suggest possible basal or transitional genera where these are 
clearly indicated. 

Liabuni is the primitive genus of the Liabinae ; this is shown 
by the floral morphology and geographical distribution. This genus 
may be regarded as the Gynura of America, the type Villa style 
of Gynum being very similar to the type III style of Liabum; other 
characters also show a parallelism. It is interesting to note that 
these two genera flourish in the same latitudes, the one in America 
and the other in the Old World. The transition from the discoid 
species of Liabum to Vernonia is more a matter of the corolla 
colour and the phyllotaxis of the cauline leaves than anything more 
serious. 

In Chapter II, E, the very close proximity of one genus of the 
Tussilagininse, Cnmanthodium, to Senecio is discussed. This 
sub-tribe is probably not monophyletic in the sense that a single 
primitive genus in the group has given rise directly or indirectly to 
the other genera ; it is probably monophyletic in the sense that all 
the primitive genera have arisen directly from Senecio. Thus 
Cremanthodium is a comparatively recent genus which has arisen 
directly from the Ligularia section of Senecio. It is very probable, 
although less certain, that Petasites also arose in the same Asiatic 
region, but at an earlier date, from Senecio and Ligularia, and that 
it has given rise to the other genera of the Tussilagininae. Alciope 
in South Africa is probably a third offshoot from Senecio. The 
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derivation of this sub-tribe from the Ligularia type of Seiiecio is 
confirmed by the floral morphology, by the general habit and by the 
slight or slow irritability of the stamens or its complete absence in 
that type of Settecio. 

Apart from Wenieria, which is possibly a polyphyletic genus, 
the Othonninte are clearly of recent South African origin, with 
Euryops as a probable primitive genus. Euryops is distinguished 
from Senecio only by its fused periclinal bracts and the wavy setse 
of the pappus. The Othonninse are also connected with Senecio 
through Othonna and Othonnopsis, but the differences are greater 
along that line, and although Othonna has more species than 
Euryops the area occupied by the latter genus is greater. 

Cichoriece. The derivation of the Cichorieae from the 
Senecionese involves vei y few changes of any magnitude. The 
pollen-presentation mechanism is of a simple type ; the peculiar 
folding of the exine is approached in Senecio vulgaris ; the 
homogamous, non-radiate capitulum is similar to the discoid 
species of Senecio ; the predominance of yellow as a corolla colour 
and the simpler types of pappus which occur are other characters 
which show the affinity ; still others are the simple, small, almost 
flat receptacle, the uniseriate pericline with or without a slightly 
developed calyculus, and the alternate phyllotaxis of the cauline 
leaves. The occasional occurrence of leceptacular paleae is to be 
considered a reversion to a pre-Composite ancestor. The posterior 
split of the corolla and the development of laticiferous vessels are 
the two chief changes and these also are clearly of the nature of 
reversions to the Lobelioid ancestors of the Senecioneae. 

The sub-tribes are rather artificial, but we can distinguish the 
Lactuca-Sonchus group as primitive and the Scorzonera group as 
advanced. Lactuca is indicated as the primitive genus hy all the 
characters of the florets and inflorescence, the seeds and seedlings, 
the chromosome numbers, and the geographical distribution. 

The time and place of origin of the tribe are both clearly 
shown ; the centre of origin is shown to be the Mediterranean region 
by the present geographical distribution ; the occurrence of the 
Lactuca type and othei' Cichoriaceous material in the Lower 
Oligocene of Aix-en-Provence is in accordance with this conclusion 
and at the same time gives the date of origin as that period or a 
little earlier. 

Calendulece, The Calenduleas are closely allied to the 
Senecioneae in the structure of the styles and stamens, in the 
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irritability of the stamens, in the colour and anatomy of the corolla, 
in the simple receptacle and involucre and in the phyllotaxis of the 
cauline leaves. The chief differences are the usual absence of 
pappus and the usual heteromorphy of the achenes. It is not sur* 
prising, therefore, that Bentham wrote (I, 7, p. 463) that the 
Calenduleae " might almost have been enumerated amongst the sub- 
tribes of the Senecionideae.” Dimorphotheca, with type IV style, 
type 4 or type 10 stamens, disc florets sometimes fertile, no pappus, 
plain receptacle, simple involucre and alternate phyllotaxis, is indi- 
cated as the primitive genus, but Tripteris is almost equally 
primitive ; it has the disc florets always sterile and occasionally 
opposite phyllotaxis, but the pappus is coroniform and the involucre 
is very simple ; it also has a wider geographical area. It is practically 
certain that the tribe is polyphyletic on account of the Chilian genus 
Eriacheenium, and it is quite probable that the remainder of the 
group is at least diphyletic, if it is not only a mere collection of 
African Senecionese with heteromorphous achenes. 

The place of origin is clearly South Africa and in the 
complete absence of fossil evidence the date may be taken as quite 
recent, probably Pliocene. 

Arctotidece. This tribe is separated from the Senecioneae by 
a number of characters, such as the type of style, pappus, receptacle 
and involucre. The primitive genus, Ursinia, with the widest 
geographical area, is more closely related to the Senecioneae than 
any of the other genera. Ursinia has the Senecio type of style and 
stamens, shows no irritability of the style and has yellow as the 
predominant corolla colour. The paleae of the pappus and 
receptacle are comparatively advanced features, but are secondary 
to the inner floral characters. Berkheya by its floral structure and 
geographical distribution is indicated as the primitive genus of the 
Gorteriinae, which sub-tribe has the Gundeliinae as a small, possibly 
diphyletic, off-shoot. 

The place of origin of the tribe is clearly South Africa and the 
date is probably a little earlier than that of the origin of the 
Calenduleae : considering the extension of the tribe into Australia it 
is probably lower Pliocene. 

Anthemideee. In the pollen-presentation mechanism the 
Anthemideae are very similar to the Senecioneae, except for the type 
V style of the sterile florets. The corolla colour is higher and the 
chief differences are the almost complete absence of any pappus 
except the reduced, paleaceous coi'oniform type, and the scarious 
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margins of the involupral bratts. The epaleaceous recep- 
tacle and geographical distribution indicate the Chrysanthemidinse 
as the primitive sub-tribe, while these characters and those of the 
florets indicate Chrysanthemum as the primitive genus with 
Matricaria as more or less comtemporaneous in origin. * If C. 
segetum is carefully compared with a radiate Senecio with the 
calycuius well developed only the two chief tribal characters and 
general habit are found to distinguish the two types, and C. segetum 
has a fairly extensive geographical area. 

Achillea is indicated by its floral characters and geographical 
distribution as the basal genus of the Anthemidinse, the chief 
difference being the paleaceous receptacle, which here, as in the 
Cichoriese, is considered to be an atavistic character. That it occurs 
in both cases in genera which are advanced in other characters 
is confirmation of the reversionary nature of this type of receptacular 
appendage. 

The place of origin of the tribe is shown by the present 
geographical distribution to be the Mediterranean region. The 
date of origin is indicated by the same facts to be earlier than that 
of the Cichorieae. The presence of the Chrysanthemum-Whe leaves 
of Parthenites prisons in the Mediterranean region in the. lower 
Oligocene, and the occurrence of the Anthemidean type of pappus 
and achene (Hyoserites Schultzii) in the Upper Miocene in another 
locality of the same region confirm, as far as is possible with our 
present knowledge, both time and place of origin. The Cypselites 
trisulcatus of the lower Oligocene has certain resemblances to the 
achenes of the Anthemideae and it is possible that further investiga- 
tion may show that those epappose achenes have in most cases been 
passed over on account of the absence of the pappus. 

Inulece. Throughout the analysis of the various characters of 
this tribe there has been some difficulty on account of the synthetic 
nature of the group. The diphyletic origin suggested by the 
filiform or bilabiate outer florets is confirmed by the structure of 
the involucre, the haustorial development of the antipodals, the 
secretory apparatus and the geographical distribution. 

If Tables VI and VII are examined in the light of these 
suggestions various points can be seen. In Table VI the 
Tarchonanthinae can be neglected as a small, special group. The 
other four sub-tribes with a filiform corolla (Plucheinae, Pilagininse, 
Gnaphaliinse and Angianthinae) show a large proportion of type IV 
styles ; type XI 11 styles are also well represented in the " filiform ” 
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sub-tribes. In the last three sub-tribes (Athrixiinse, inuiinse and 
Buphthalminae) type XII is the dominant form of style. The 
Relhaniinse show an exceptional proportion of type IV styles for a 
radiate sub-tribe. 

Turning now to Table VII it will be noted that with one 
exception all the genera showing the simpler types of stamens occur 
in the “ Aliform ” group, the Arst Ave sub-tribes. The predomi- 
nance of type 10 stamens in the Gnaphaliinse and Inuiinse mark 
these suh-trihes as the primitive groups of the two divisions of the 
Inuleae. The four chief types of stamens in the tribe are 10, 12, 13, 
14. All four types occur in the two basal sub-tribes and among the 
other sub-tribes only in the Relhaniinse. A more detailed examination 
of the Aoral characters of the Relhaniinse shows that sub-tribe to 
be a mixture of genera, some with radiate capitula and others with 
few-Aowered, homogamous capitula. A diphyletic origin of this 
sub-tribe is clearly indicated, one line coming from the Helichrysese 
with Metalasia as the primitive genus, the other coming from the 
Athrixiinse with Relhania as the primitive genus. 

In the Inulese, therefore, we have two main phyletic lines. 
The Arst line begins in the Bu-gnaphaliese with a South American 
origin from the Senecionese at an early date and passes to the 
Pilagininse with a Mediterranean centre of origin, the Plucheinse 
with a tropical African centre, the Helichrysese, Tarchonanthinse 
and part of the Relhaniinse with their centres in South Africa, and 
Anally to the Australian Angianthinse. The second line begins with 
the Inulese, originating from the Senecionese at a later date than 
the Bu-gnaphaliese in the Mediterranean region, and passes in the 
same region to the Buphthalminse and in South Africa to the 
Athrixiinse and the rest of the Relhaniinse. This development 
harmonises with ail the known characters of the groups, including 
the geographical distribution, and exempliAes the parallel evolution, 
polyphyly and convergence which are discussed in Chap. XI, B. 

In Pig. 7 the Helichrysese are shewn as preceding the Bu- 
gnaphaliese, but the geographical distribution indicates and the 
other data on more critical analysis conArm the view that the latter 
group is the primitive one for the Aliform ” sub-tribes of the 
Inulese. Beauverd (XII, 158) places Helichtysum before Gnaphalium 
when he gives the chief genera of the sub-tribe “dans I’ordre 
dvolutif pr6sumd." He, however, used the fertility or sterility of 
the Bowers as his chief guide and the work of Uexkitll-Gyllenband 
(11, 69) shows that this cannot be taken as of primary importance 
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in phylesis ; it is also proved by the fact that the other characters 
which are analysed by Beauverd do not follow the same sequence 
as the homogamy or heterogamy of the capitulum. 

The data available for the determination of the times of origin 
of the two main lines are confined to the probable origin of the 
Senecionese in the Upper Cretaceous, the known development of 
the Cynarese in the Upper Miocene and the present geographical 
distribution of all the groups concerned. Prom these data, however, 
the date of the first development of the Bu-gnaphalieae can be 
placed soon after the origin of Senecio, probably early Eocene ; and 
the date of the origin of the Inulinse must have been later than 
that but some time before the Upper Miocene. Taking all the facts 
into consideration the date indicated is the middle Oligocene. Such 
a date would account for the absence of the Cynareae from the lower 
Oligocene and would also give a sufficient interval for the develop- 
ment of the Arctium type of the Cynareae in the Upper Miocene 
(see below under Cynareae). At the same time it would account 
for the similarity in the present distribution of the Inulinae and 
Cichoricae, as well as for the greater area occupied by the latter, 
which is the older group. 

Cynarece. Two possible sources, the Plucheinae and Buphthal- 
minae, have been suggested for the Cynareae and a diphyletic origin 
of the tribe has been indicated as a possibility. As diphylesis is 
'supported only by the evidence from the pappus it will be neglected 
until a more detailed examination bas been made of the evolution 
in the tribe. The rest of the characters, including the geographical 
distribution and the secretory apparatus, support a monophyletic 
origin of the tribe from the Inuleae via the Buphthalminae, Gym- 
narrhenn, Centaurea and the Centaureinae. So close is the afBnity 
that a microscopic investigation js necessary to distinguish some 
plants of Oymnarrhena micrantha (Inuleae, Buphthalminae) from 
Centaurea furfuracea (Cynareae, Centaureinae) and these two species 
grow in the same region. 

The development of the Carduinae from the Centaureinae with 
the Carduus-Cousinia group as the basal plexus is clear, as is also 
the development of the Carlininae and Bchinopsidinae from the 
Carduinae. The evolution of these two sub-tribes along different 
lines from the same source is well shown in the secretory apparatus, 
the Carduus plexus gives the Cirsium line in the Carduiinae and the 
parallel Carlina line in the Carlininae ; the same plexus gives the 
Bchinopsidinae line and the parallel Xeranthemum line in the 
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Carlininse. A slight degree of .diphylesis is thus indicated for the 
Carlininas and this is supported by other details, which suggest the 
Atrnctylis-Carlina plexus and Xerantheiiium as the two basal groups 
(cp. Lavialle above, Chap. XII, D). 

Considering the date of the origin of the Cynarese, the facts 
are that this tribe is not represented with any certainty previous to 
the upper Miocene and that the Arctium type (Carduinse) had then 
developed. If the above views on the phylesis of the tribe are 
correct this involves the previous existence of the Carduus type, 
which is also represented at the same horizon, and of the Centaurea 
type, which is not as yet reported fossil below the upper Pliocene. 
The time interval necessary for this development takes the origin 
of the Cynareae back to the lower Miocene or Upper Oligocene. 
As the shrinking of the Central Sea reached its maximum about 
this time, the semi-desert condition of the eastern Mediterranean 
region, would appear to have developed then. The connection 
between the origin of the Cynareae and the ecological conditions in 
the place of origin has been discussed previously, and the 
synchronising of events in climatic evolution with events in plant 
evolution appears to be exemplified in the origin of the Cynareae as 
well as in the origin of Senecio. 

Mutisiece. The basal group of the Mutisieae is undoubtedly 
the Nassauviinae and the basal genus is shown to be Trixis by 
the characters of the styles, stamens, pappus and other achenial 
hairs, receptacle and involucre. This is confirmed by the geo- 
graphical distribution of the genus and sub-tribe and by the 
Senecionoid habit of many species of Trixis. The colour of the 
corolla in Trixis is also primitive and the distinguishing feature is 
the homogamous capitulum of bilabiate florets. Since the ray 
floret qf Senecio and other radiate genera has been shown to be 
essentially bilabiate, and since it has also been shown, though with 
less certainty, that the number of rows of bilabiate florets, i.e., the 
the amount of “ doubling,'* depends on the food supply of the 
capitulum, the change from Senecio to Trixis, from the Senecionese 
to the Mutisiese, is evidently one which is largely dependent on 
ecological conditions. 

In Chap. V, D, it was suggested that Mutisia gave rise to the 
rest of the Onoseridinae and to the Gochnatiinse, while Onoseris, as 
the other member of the basal plexus of the Onoseridinae, gave the 
Gerberinse. The evolution of these groups is further discussed in 
Chap. X. Chuquiragua is suggested as the basal genus of th« 
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American Gochnatiinae and the A imlicea-Dicoma group as the source 
of the Old World Gochnatiiuse. As Ainslicea is more closely allied 
to Mutisia than Dicoma, that genus may be substituted for the 
double group. 

G/rbera and Chaptalin, which are separated only by the 
abortion of the posterior lip of the ray florets in the latter and its 
presence in the former genus and by their geographical localities, 
form a very good basal plexus for the Gerberinae. The differences 
between these two genera and Onoseris are of no more than specific 
rank in other genera, except for the type XII style of Gerbera and 
Chaptalia and the type IX style of Onoseris. A glance at Pig. 5 will 
show that the type IX style could be regarded as a type XI la style 
in which the stigmatic papillae had spread over the whole of the 
inner surface and in which the style branches had closed up. The 
former style would be the more primitive, but the difference is so 
slight that the evolution of the Gerberinae from Onoseris is quite 
probable. These suggestions involve a slight change in Pig. 7 
which would bring off the Gochnatiinse from the Onoseridinae 
instead of from the Gerberinae. 

The two genera of the Barnadesiinae, Barnadesia and 
Schlechtendahlia with type 3 or type 4 stamens and type IX styles 
have probably arisen separately from distinct sources, and this 
sub-tribe is another example of polyphyly and convergent 
evolution. Until a detailed examination of their affinities has been 
made they can be regarded as a separate development, as shown in 
Pig. 7. 

The separation of the Mutisieae into two geographical groups 
furnishes some clue to the early history of the tribe. That the 
separation is geologically recent is proved by the affinity of 
Gerbera and Chaptalia. That the separation was due to the last 
Glacial Epoch is rendered probable by the recency of the event 
and by the fact that the Mutisieae are tropical and subtropical 
plants. Such species, although they probably crossed the Alaska- 
Siberian bridge during the pre-glacial and interglacial warm 
periods, were unable to survive in the more northern latitudes 
during the period of glaciation and only a few primitive, i,e., 
physiologically undifferentiated, species, such as Gerbera Anan- 
dria, are even now becoming acclimatised to sub-arctic conditions. 

The origin of Trixis is thus thrown back some considerable 
time to allow for the differentiation and dispersal of the higher 
types, such as Gerbera, Since the area occupied by the tribe is 
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considerably larger than that of the Cynarese and since the 
differentiation of types within the tribe is greater than in the 
Cynareae, a date antecedent to the origin of the latter tribe is 
indicated ; taking into account the similarity in the areas occupied 
by the Inulinie and by the Old World Mutisieee, and the greater 
area of the whole of the Mutisiese, the lower Oligocene is a probable 
date for the origin of the Nassauviinse, with an extension into the 
Old World about middle Oligocene times. 

Vemoniece. The evolution of this tribe from the Senecioninae 
via the Liabinae is abundantly proved by most of the details of 
the florets and capitulum. The affinity between the Liabinae and 
the Vernonieae may be judged from the fact that Gongrothamuus, 
a genus of the Liabinae according to Bentham, is Sect. IV of the 
genus Vernonia according to Hoffmann. The primitive genus, 
Liabim, of the Liabinae is closely connected on the one hand with 
the Senecioninae and on the otheuhand with Vernonia, the primitive 
genus of the Vernonieae. The derivative position of the 
Lychnophorinae is confirmed by most of the floral details and by 
the geographical distribution of the sub-tribes. The primitive 
genus is probably Elephantopus ; the only character which raises 
any doubts of the primitive position of this genus is the form of the 
corolla, which sometimes has a posterior split. 

The generic differentiation in the tribe is comparatively slight. 
Bentham (1, 7) remarks that the Vernonieae “ consists principally 
of one large genus with a number of smaller ones closely connected 
with it forming altogether one sub-tribual or generic group of a 
higher order.” The distribution is entirely tropical or sub-tropical 
and the use of the Alaska-Siberian bridge by the tribe is not in any 
way indicated. These facts and the close affinity with the 
Senecioninse point to a comparatively recent origin for the group, 
but the wide tropical distribution indicates an origin precedent tc 
that of the Calenduleae or Arctotideae. Taking all the data into 
consideration the date of the origin of the Vernonieae seems to be 
about the middle Miocene ; the place of origin is clearly the 
Brazilian region. 

Asterea, Various changes have been suggested in the 
evolution of the Astereae as given in Pig. 7. The most important 
of these is the reversal of the Homochrominse and Heterochrominae, 
which has been completely vindicated by the analysis of other 
details than the styles and stamens, and also by a more critical 
examination of these structures. 
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The Homochrotninse is the basal sub-tribe and Solidago the 
primitive genus. An examination of any of the ordinary keys to 
the British flora, such as that in Hayward's Botanist's Pocket Book 
will show how closely allied are the three geqera, Senecio, Solidago 
and Inula. The case of the Inulinfle is discussed above. The 
imbrication of the involucral bracts and the rigidity of the pappus, 
hairs are apparently the best characters which can be found to 
distinguish Solidago from Senecio, and these apply only to the 
British species. The rigidity or silkiness of the pappus varies, 
especially in Senecio, while that same genus has exotic species in 
which the calyculus is so well developed that the involucre must 
be described as imbricate. The type VI II styles of Solidago are 
the real tribal distinguishing feature, but even this distinction 
is not absolute, since various species of Senecio show the type Vlll 
and type VII styles. 

The place of origin of the Homochrominse is clearly somewhere 
about the borders of the Mexican and U.S. regions. This sub- 
tribe has in all probabililty given the Bellidinae, while the 
Grangeinse and Conyzinae have probably come from the 
Heterochrominae (see Chap. X, D), the Conyzinae via Erigeron, 
which passes on the one hand into Aster and on the other into 
Conyza. 

The transition from the Homochrominse to the Heterochrominae 
can be located in the region of origin of the former sub-tribe. The 
chief genera of the latter sub-tribe are Aster, Erigeron, Olearia, 
Felicia and Celmisia ; of these Olearia and Celmisia are restricted 
to the Australian region, while Felicia is almost confined to South 
Africa. The other two genera are more or less cosmopolitan and 
are so very closely allied that the transitional species are com- 
paratively numerous and the genera in these cases are distinguished 
only by the so-called indefinable characters of the taxonomist. On 
the other hand Solidago is “ only distinguished technically from 
Aster and its immediate allies by the homochromous florets, the 
ray-florets, when pre8ent,'being yellow, like the disk — a character 
in general of so little value that it cannot, in Senecio for instance, 
be admitted as of more than specific importance ” (Bentham, I, 7). 

The Baccharidinee, which include only the large genus 
Baccharis and two very small genera, show affinities with the 
Heterochrominae and especially with the Conyzinae in styles and 
stamens (see Pig. 7), corolla-form, pappus, involucre, receptacle 
and pbyllotaxis. The chief distinctions are the dioecious capitula 
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and the habit. The Baccharidinae can, therefore, be regarded as a 
special American development of the African Conyzinae type 
either from Conyza or more probably by parallel evolution from the 
Erigeron type of the Heterochrominse. 

The data available* for the determination of the date of origin 
of the Astereae include the occurrence of Eupatorium in the middle 
Pliocene of Europe. The origin of the Eupatoriese from the 
Heterochrominae may be considered proved, so that the origin of 
the Homochrominae is thrown back a considerable time to allow 
for the wide dispersal and differentiation of the various types. The 
fossil record of authentic Astereae is very meagre and does not 
extend beyond the Glacial Epoch. Several of the achenes from the 
lower Oligocene and upper Miocene are of the Asterean type. 
Taking into account the wide dispersal of not a few genera of the 
tribe and the wide dispersal also of the derivative Eupatorieae, 
as well as the considerable differentiation of types in the Astereae 
apd Eupatorieae, the date of origin for the Homochrominae can 
scarcely be later than the middle Eocene, and might well be 
earlier still. 

Eupatoriece. The hypothesis of the origin of the Eupatorieae 
from the Heterochrominae has been more or less confirmed by all 
the characters of the group. The basal sub-tribe is the Ageratinae 
and the basal group of this sub-tribe is the Eupatorium'Mikania 
plexus. The affinity of Eupatorium with the Heterochrominae in 
styles, stamens, corolla colour, pappus, involucre, receptacle, and 
to a lesser degree the phyllotaxis, is distinct. The difference in the 
styles is the difference between type II and type Villa, and the 
chief distinction is in the complete absence of ray florets. Turning 
again to the above-mentioned key to the British flora we find that 
the discoid Aster Linosyris is distinguished from Eupatorium by the 
colour of the corolla and the shape of the leaves, characters which 
are in most cases of only specific rank. 

The reduction in the complexity of the floral structures extends 
to the stamens in the Piqueriinae (see Chap. II, E). The basal 
genus of this sub-tribe is Adenostemma, with its one wide spread 
species A. viscosum. The basal genus of the Adenostylinae is 
probably the American genus Brickellia\ Adetiostyles, however, 
shows an approach to the Cacalia type of Senecio in habit and 
involucre (cp. Bentham, I, 7, p. 401). As Adenostyles is chiefly 
developed in the Bur-Asiatic region this case requires further 
investigation ; the genus may be a development of the Ligularia 
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section of Senecip, which approaches the Bupatoriese, particularly 
in the characters of the style. 

The place of origin for all three sub'tribes of the Bupatoriese 
is clearly the Mexican region. 

In discussing the age of the Bupatoriese Bentham {loc. cit.) 
showed more than his usual remarkable perspicacity. He considered 
that the Bupatoriese “ may be regarded as one large and natural 
essentially American group or genus in an extended sense of the 
term ; ” that they “must, therefore, either not be so ancient as some 
other groups of the Compositse, or some other reason must have 
interfered with their early dispersion." Discussing the truncate 
anther-tips of the Piqueriinse he says , “ This remarkable deviation 
from the almost absolute uniformity of Compositse is probably, 
therefore, of West American origin, and not ancient enough to have 
spread into other continents now severed from America.” 

The fossil evidence of the early history of the Bupatoriese is 
interesting. Tlie species of Eupatorium which now occupies the 
greatest area is identified in the fossil condition in Interglacial times, 
and other species are described from the upper and middle 
Pliocene. Considering these points and those indicated by Bentham, 
the date of origin of Eupatorium must be not later than the lower 
Pliocene. Taking into account the comparative development of 
the Bupatoriese and the Arctotideae (which is assigned above to the 
lower Pliocene) and the fact that Eupatorium had apparently 
arrived in Europe as early as the middle Pliocene, the most 
probable date of origin for the genus and tribe seems to be the 
middle Miocene. 

The Bupatoriese and Vernoniese would on this hypothesis have 
arisen more or less at the same time. This would account for the 
similarity in sub-tribal and generic differentiation in these two 
tribes, as well as for the similarity in their geographical distri- 
bution (cp. Pigs. 36-37). 

Heliauthece. Throughout the preceding chapters no reason 
has appeared for making any change in the phyiesis suggested for 
the Helianthese in Pig. 7. A more detailed analysis of the genera, 
however, suggests certain modifications. The Verbesininae is 
clearly the primitive sub-tribe and Spilanthes is the most probable 
primitive genus for the sub-tribe (see Chap. X, C). In connection 
with the setiform aristae of this genus it is interesting to note that 
Blake (159), discussing the few-membered, paleaceous pappus of 
Hymnostephium, says that it *' is certainly not to be looked upon 
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as primitive.” Although he does not say which type is to be looked 
upon as primitive, the derivative position of the* paleaceous type 
agrees with the views expressed above and in Chap. V on the 
primitiveness of the setose type. 

The Coreopsidinse are very closely allied to the Verbesininse 
and the primitive genus is probably Coreopsis, although the oligotypic 
genera Guizotia and Microlecane are even more closely allied to the 
parent group. As the centre of origin for all the sub-tribes of the 
Heliantheae, except the Petrobiinse, is clearly the Mexican region, 
and as the two above-mentioned genera are African, the affinity is 
evidently another case of convergent evolution. The intimate con- 
nection between Bidens and Coreopsis indicates that these genera 
have been contemporaneous almost from the origin of the sub-tribe. 

The Galinsoginse are closely connected with Spilanthes through 
Calea, the chief genus of tlie sub-tribe, which has type IV style, 
type 4 or type 5 stamens, and differs chiefly in the numerous scales 
of the pappus, which are, however, sometimes as few as four, and 
narrow, rigid, acuminate, approaching the setiform tvpe of 
Spilanthes, 

The Lagasceinse and Petrobiinse are two small, somewhat 
anomalous groups, which in the absence of a detailed investigation 
can be taken as coming from the Verbesininse as in Pig. 7. 

The Madiinae, with the Layia-Madia group indicated as the 
primitive plexus, are more closely allied to the Galinsoginse than is 
suggested in Pig. 7. 

The Zinniinae, especially Zinnia, is so closely connected with 
the lower Verbesininae that it is impossible to give a precise source 
for the sub-tribe without more detailed investigation. 

The Ambrosiinae are more closely connected with the Melam- 
podiinae than with the Verbesininae as suggested in Pig. 7. The 
affinity between Iva (Ambrosiinae) and Parthenice (Melampodiinae) 
is so close that there can he no doubt of the systematic position of 
the Ambrosiinae in the Heliantheae and also very little doubt, if any, 
of the origin of the sub-tribe from the Melampodiinae via Parthenium, 
Parthenice, Cyclachania {= Sect. 1 of Iva Hoffmann) and Iva. 

The affinities of the Verbesininae, Melampodiinae and Milleriinae 
are quite clear. Bentham (1, 7, p. 434) points out that the Melam- 
podiinae are “ intermediate between Millerieae and the great mass of 
the Helianthoideae (Verbesineae), differing from the former in the 
completely paleaceous receptacle, from the latter in the constant 
sterility and undivided styles of the disk-florets.” 



Phyletic Conclusions. 

The transition from the Melampodhnae to the Milleriinae is 
effected according to the same author by the Milleriinean genera 
RUmoiirtia^ D$$manthodium and Clibadium. As the last genus has 
since been shown by Blake (VI 2) to belong to the Melampodiinse 
the affinity is apparently closer than is suggested by the arrange- 
ment in Fig. 7, i,e, the Milleriinae have been derived directly from 
the Melampodiinae, not from the Coreopsidinse on the same phyletic 
line. 

Melanipodium by its floral characters and distribution is indica- 
ted as the primitive genus of the Melampodiinse. A comparative 
examination of thegenera of the Coreopsidinae and Verbesiniiiae shows 
that the differences between Melanipodium and these genera are 
slight. Only the first seven genera of the Verbesininse agree with 
Melanipodium in having the outer achenes enclosed by the periclinal 
biacts. Of these seven only Siegesbeckia and Enhydra have some 
of the disc florets sterile, thus approaching the completely sterile 
condition of the disc florets in Melanipodium, The involucre in 
Enhydra is rather special, consisting of two outer and two inner 
bracts, but that of Siegesbeckia is biseriate as in Melampodium ; the 
former genus has often five outer or calycine members and the 
latter has four or five. Other affinities between these two genera 
can be traced. The type XI 1 1 style of Melampodium can be regarded 
as a closed type VII style and this type occurs in Siegesbeckia^ 
where the branches are already short. In both genera the stamens 
are type 3, the ray-florets are uniseriate, the pappus ahd other 
achenial hairs are absent, the receptacular paleae sometimes encircle 
the disc florets, the corolla colour is yellow, the cauline leaves are 
opposite and sometimes dentate. Siegesbeckia plants are annuals 
and so are some species of Melampodium, Both genera occur in 
the Mexican and Andine regions and extend to the Old World. 
The areas of the two genera are very similar but that of the older 
one, Siegesbeckia^ is larger, since Melampodium extends in the Old 
World only into the tropical Asiatic region, while the weedy S, 
orientalis extends into all the Old World regions. The Melampodiinae 
are, therefore, derived, not from the Coreopsidinae as suggested 
in Pig. 7, but from the Verbesininse via Siegesbeckia and 
Melampodium. 

The date of the origin of the Heliantheae is shown to be early 
by the common occurrence in Europe of the American Bidens 
in the upper Pliocene That it is probably much earlier than this 
epoch is indicated by the Corcopsidean achene of Curpolithus 
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hyoseritiformis from the lower Eocene of America. The wide 
distribution of some of the higher types and the more extensive 
generic differentiation in the Helianthea tlian in the Astereae 
renders it probable that the lower Eocene is the latest date which 
can be regarded as probable for the origin of the tribe. Taking all 
the data into account the origin of the Heliantheae can be placed 
very soon after the origin of the family, and it is possible that the 
more primitive genera of the tribe originated in South America. 
Spilanthes shows a considerable Andine development as well as a 
centre of overlapping in South America. (See Pig. 39 and also the 
suggestion by Blake (159) that the South American section Eu- 
anrece of Viguiera is the primitive one). Although the Heliantheae 
probably arose in South America they undoubtedly attained their 
greatest development in the Mexican and U.S. regions, and the 
origin of most of the sub-tribes is probably to be located in these last 
two regions. 

Heleniece. Throughout this investigation affinities have been 
indicated for the Helenieae with two tribes, the Heliantheae 
(Galinsoginae) and the Senecioneae. With the possibilities of 
polyphyly and convergent evolution which have been discussed, the 
close connection of the Helenieae with the Senecioneae, which was 
recognised by Bentham, and the affinities which are also shown 
with the Anthemideae and the Heliantheae, the probability is con- 
siderable that this tribe is an artificial one, distinguished only 
technically from the Senecioneae by the paleaceous pappus. If 
this view is correct the tribe requires reclassification on a more 
natural basis and it would serve no useful purpose to discuss the 
affinities of the sub-tribes at the present stage. 

That the origin of most or all of the genera is comparatively 
recent is indicated by the restricted distribution and the comparatively 
slight generic differentiation within the tribe. The date of the 
origin of the oldest genera, such asPectis and Porophyllum {Tag,etinx) 
Flaveria (Plaveriinse) and ^aumea (Jaumeinse) can scarcely be earlier 
than the upper Miocene. 
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Chapter XIV. 

THE STORY OF THE COMPOSITE IN TI.ME AND SPACE. 

T he conclusions arrived at in the preceding section are sum- 
marised in Pig. 79, p. 297. The geographical centre of origin 
of each tribe is indicated by a number corresponding to the table of 
regions on the left. The primitive genera are indicated in those 
cases where they are obvious without any detailed discussion of all 
the genera in the group. In some cases the centre of origin as given 
in Fig. 79 does not coincide with the main centre of concentration 
as given in Chap. X ; this is because the probable primitive genus 
has its centre of origin in a region different from that of the chief 
development of the genera of the group. The change is made at 
this stage so that Pig. 79 may form the basis of future discussions 
and for that reason it should be as nearly a true representation of 
the history of the family as it is possible to attain without a detailed 
consideration of each one of the 23,000 species. The time of 
the origin of each sub-tribe, as deduced from the palaeobotanical 
evidence and from the present development, generic and speciHc 
differentiation and area of the various groups, is also indicated. 

An attempt will now be made, using Pig. 79 as a basis, to give 
that “ coherent account of the evolution of the family” which, as 
mentioned in the Introduction, can be attained by the use of “the 
modern theories of heredity, evolution and geographical distribu- 
tion.” The writer’s problem is to convey to the mind of the reader 
something of the activity and individuality which have been shown in 
the development of this immense family. A similar attempt was 
made in Chap. XI to picture the evolution of Senecio, but the cross- 
references given there interrupt the flow of the narrative and, in 
the present case, the reader is referred to all that precedes this last 
chapter for the proofs, the evidence for suggestions and the discus- 
sion of the various problems raised. 

In the days immediately preceding the Cretaceous uplift on the 
west coast of South America, the Angiosperms had developed a 
multitude of forms which represented most of the larger families now 
existing. The forests of the Amazons to this day retain the very 
mixed character of this nursery of the Angiosperms : no one group 
was or is dominant, while the vegetative characters varied 
comparatively slightly owing to the similarity of conditions through- 
out a wide expanse of country. The inherent instability of this 
comparatively new plexus was the cause of the many mutations 
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in the reproductive parts which differentiated the larger families. 
The arborescent habit of the ancestors of the Angiosperms was 
continued in the new group, so that there were only trees, shrubs 
and woody plants growing on trees, lianes and other climbers, in 
that particular region. Certain of the groups had already sent out 
colonisers which, especially the arborescent forms, had begun to 
make some headway, chiefly in the flat lands which formed the 
bulk of the earth’s surface at that time. This period, in fact, was 
the Mesozoic Pre-differentiation Bra of Guppy. 

When the Cretaceous uplift raised the Andes well above the 
tree-limit a new habitat was produced, inaccessible to the trees and 
climbers as such, but offering a clear, unoccupied region to such of 
the climbers as were sufficiently plastic to develop into low-growing 
shrubs. 

Among these plastic plants were the members of the Stpho- 
utinpylus-Ceati'opogon group, which proceeded to colonise first the 
lower and then the higher slopes of the new mountain range. 
Under such altogether strange conditions many epharmonic 
variations took place and the Differentiation Bra or Age of Com- 
positse (cp. Guppy) was initiated. The flrst form of Compositse was 
a low-growing, woody, dwarf plant with the inflorescence and 
flowers of Senecio, as explained in Chap. XI. 

The new form of fruit, with a dispersal mechanism eminently 
suited to the wide, windy, more or less barren, mountain regions, 
combined with the simplicity of the physiological constitution of the 
plant which was its inheritance from the Pre-differentiation Bra, 
led to a very large development and wide dispersal of the Senecio 
form throughout the Andine region during the evening of the 
Cretaceous day. A similar form, which, however, may be of much 
more recent origin from the same plexus, is seen in Lysipomia, 
where the calyx persists in a clumsy, leafy form, so that this genus 
possesses no particular means of distribution and is still confined' 
to the region of its origin. 

Eocene Period. 

Among the many forms developed by Senecio one of the 
earliest distinct types, Gnaphalium, with more complete aggregation 
of parts, was produced by the conditions near the snow-line. An- 
other of the early types was the result of the re-invasion of the 
lower, more temperate regions by the now very definitely organised 
and aggressive Senecio. The annual and rhizomatous, perennial, 
herbaceous forms of Senecio probably developed in connection with 
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local» slightly sheltered conditions in the mountains and also with 
the short ** summer ” season. Such forms rendered possible the 
invasion of the open tracts in the lower regions and the Spilanthes 
type was the result. 

The lower Eocene was now well advanced and Senecio had 
proceeded north to the Rockies, where the greater rainfall and less 
intense insolation rendered both the stunted, shrubby habit and the 
large-leaved xerophytic habit unnecessary. The usual Senecio of 
these regions was, therefore, of a herbaceous perennial type. The 
earliest progeny of the genus naturally accompanied the parent, 
Gnaphalium travelling along the higher mountain levels and 
Spilanthes along the foot-hills and alpine meadows. 

The mountain habitat formed by the slowly rising Rockies was 
comparatively restricted and the successful invaders from the Andes 
extended their zone of occupation to the wooded regions of the 
plains. There the setose pappus would be of little use as a means 
of wind-despersal. Accordingly, the tendency to fusion of the. setae 
had more or less free play and the ten-awned type of fruit repre- 
sented by Carpolithus hyoseriti/ormis was developed, the rest of 
the plant remaining very similar to the parent Spilanthes. Animal 
denizens of the forest would be much more efficient seed-dispersers 
than the gales which scarcely penetrated below the forest roof. 
The development of the free ends of the setae into hooks, erect as 
in Coreopsis or recurved as in Bidens^ was, therefore, a very suc- 
cessful experiment ; so successful indeed that the latter of these 
experimental forms spread in time all over the surface of the earth. 

Senecio travelled far and wide along the paths mapped out by 
the isolated hills and mountains, which by the end of the Eocene 
had appeared in most of the now mountainous regions of the world. 
The development of the different types would naturally be greatest 
nearest the Andine centre, where the numbers of individuals would 
*al80 be greatest. The less arid conditions of the Rockies favoured 
a large development of the herbaceous forms. The lapse of time 
had given the tendency to elaboration of the style branches an 
opportunity to develop the elongated appendages characteristic of 
the Astereae ; the evolution of the flmbrillae and alveoles of the 
receptacle and the aggregation of the cauline leaves to form ^ 
multiseriate calyculus had also been carried forward several stages. 
The most noteworthy result of these changes was the development 
of Solidago during the middle Eocene in the central region of 
North America. By that time the four main types of Compositas had 
been initiated, i.^., the Senecionese, Inuleie, Hetianthe2e,and Astereae. 
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New conditions were required for further marked differentia- 
tion and these were attained when Senecio reached the Mediterran- 
ean region, by way of Alaska, Siberia and the Asiatic mountain 
ranges. The shrinkage of the Great Central Sea, which at one 
time stretched from the Gulf of Mexico to the Deccan, and the initial 
development of the Alps in upper Eocene times prepared a new 
land for Senecio to conquer. The low hills with abundance of 
marshland, and the sub-tropical climate combined to produce 
marshy woods and low-lying meadows in which the setose pappus 
was again of little use. Other experiments in fruit dispersal were, 
therefore, made here. Animal dispersal, especially by birds, was 
obtained by the reduction of the pappus to a ring or auricle, and the 
edible fruit was thus exposed to view. An occasional improvment 
was effected by the development of a mucilaginous pericarp, which 
would be very efficient in such a marshy environment. These 
changes, combined with a few slight and probably mutational 
changes in the styles and sexual arrangements within the capitulum, 
sufficed to produce the Anthemideae as represented by 
Chrysanthemum and Matricaria. 

Another method of getting rid of the superfluous pappus was 
tried with success; the pulvini of the setse, which normally act only 
in dry air, having no opportunity of exercising their usual function, 
degenerated into regions of abscission, and the pappus became 
caducous. A preliminary attempt at raising the pappus was pro- 
bably due to the fruit continuing growth under the predominantly 
moist climatic conditions. The initiation of both these experiments 
is seen in Lactuca, but the two methods became distinct in the 
progeny of that genus. The very rapid growth of these Cichoriaceous 
herbs was probably responsible for the re-development of latex 
which had been suppressed from the time when Siphocampylus first 
started to climb the Andes. The profound disturbance of the 
organism under a climate so different from that oftheAndine home 
of Senecio was probably responsible for the mutation which pro- 
duced the ligulate florets and also for the fact that the bulk of the 
Senecioneal colony in the Mediterranean region were transformed 
partly into Anthemideae and partly into Cichorieae. The origin of 
two more large groups is thus traced to the evolution of climate, par- 
ticularly in the Mediterranean region during late Eocene times, 
combined with the arrival of the aggressively migrating Senecio. 

About this time also the Solidago type underwent anthocyan 
changes in the corolla, possibly as the result of the decrease in the 
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insolation of the North American as compared with that of the 
Andine region, or possibly as the result of a mutation similar to 
that which produced the red sunflower. The result of these and 
other slighter changes was the origin of Aster from the SoUdago 
type. 


OUgocene Period, 

White these events were occurring in the Mediterranean and 
North American regions, the ancestral home of Senecio was becoming 
rather crowded by its numerous progeny. The accompanying 
spread of the genus led, during the lower Oligocene, to another 
invasion of the caatingas among the Andine foothills near the 
sources of the Amazons. These regions were wooded but the 
altitude and soil conditions combined to produce well lighted, sunny 
woods with comparatively small trees, rather than the dense, 
umbrageous type of forest characteristic of the lower parts of the 
Amazons valley. Such conditions favoured the development of the 
herbaceous perennial type of Senecio, and as the tendency to 
economy in polliniferous tissue became effective tails were devel* 
oped to the anthers. This economy was counter>balanced by an 
extravagance in the development of a bifld upper lip in the ray florets. 
These two changes, the former an example of orthogenesis, the 
latter an example of a mutation which can scarcely he called 
orthogenetic, together with some very slight changes which did 
not involve any change in general habit, resulted in the production 
of Trixis. 

This habitat, it will be remembered, is that of the scandent 
Lobelioid ancestors of the Compositae. It is not surprising, there* 
fore, to And that these invaders from the mountains, both Senecio 
and Trixis, developed scandent forms, in the former the flower 
remained typical of the genus at least until the end of the Oligocene. 
In the latter, which was a comparatively new form not at that time 
quite stabilised, floral changes accompanied the change in habit. 
The barbellse of the pappus setae elongated to give a plumose type 
and the anther tails became somewhat longer ; at the same time 
the supply of extra material for the inner lip of the corolla was cut 
down by the innate economy of the family. These changes, all of 
which are expressions of general orthogenetic tendencies in the 
family, together with slight anthocyan changes in the corolla, 
combined to originate the genus Mutisia during the middle 
Oligocene. 
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By the end of the lower Oligocene ail but the more restricted 
groups of the Compositse had been initiated, so that the considerable 
variety in the Cypselites of that period, even in the Mediterranean 
region, is what might be expected. 

During the middle Oligocene a considerable amount of differ* 
entation took place, chiefly along the lines already laid down. 
Thus Inula was developed in the Mediterranean region by a series of 
orthogenetic changes all of which had already been initiated in 
Senecio. These changes included the spreading of the stigmatic 
papillae all over the inner surfaces of the style branches, the elon- 
gation of the anther tails, the greater aggregation of the cauline leaves 
into the calyculus, and the increased development of bilabiate 
florets. This last change was probably due to the moist climate, 
where food material was abundant both for the greater vegetative 
growth shown by Inula and for the extra floral material required to 
produce numerous rows of bilabiate corollas. In the Mediterra- 
nean also, the same moist environment led to a development of the 
beaked achene with which Lactuca had been experimenting at an 
earlier date and the Scorzonera group was originated. 

Events were meanwhile progressing in the Mexican region, 
where considerable geological changes were occurring. Similar 
conditions to those of the Mediterranean prevailed for a time and 
Erigeron was developed from Aster by an increased outlay in 
bilabiate corollas and a decrease in the number of protective in- 
volucral leaves, but, as the western end of the Great Central Sea 
continued drying up, the climate, at least locally, became much 
drier and a proportion of the Brigerons began to And conditions less 
favourable. The bilabiate florets were therefore reduced to 
Aliform female florets and at the same time the protective action 
of mure aggregated cauline leaves was required. Erigeron in these 
local dry regions thus became Conyza. 

Before this time the moist conditions of the wooded parts of 
the Mexican region had induced Spilanthes to reduce the protective 
calyculus to a few leaves, and in the absence of opportunities for 
wind-dispersal the pappus and other achenial hairs ceased to be 
developed. Other changes had led to the production of a number 
of genera now classedasVerbesininse, but these particular develop- 
ments produced Siegesbeckia. Continued existence under such 
favourable conditions gave the innate economy an opportunity to 
act by sterilising a number of the disc florets, thus reducing the 
number of fruits produced by each capituium. This economy, 
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initiated by was carried further until all the disc florets 

were sterile ; then the style branches remained permanently closed, 
since the style survived only as a pollen presenter, and Melampodinm 
came into being about the time of the middle Oligocene. 

Meanwhile, further south, among the headwaters of the 
Amazons, Mutisia was being developed from Trixis by floral changes 
accompanying a recovery of the ancestral scandent habit as des- 
cribed above. The Mutisia type repeated tlie travels of its grand- 
parent Senecio and re-ascended the Andes, undergoing the changes 
necessary for existence on the more arid and windy mountain slopes. 
Pood material for the capitulum being scarcer, the -ray florets 
became reduced or sometimes ceased to be developed ; the pappus 
regained its wind-dispersal function and was developed to a 
greater extent. In addition the scapigerous form was taken in the 
more barren regions where it was necessary. During this interest- 
ing journey Mutisia, in fact, became Onoseris. 

Having regained an efficient wind-dispersal mechanism, the 
Onoseris type spread quickly. By a few slight changes, including 
the abortion of the inner lip of the corolla in the outer row of florets, 
which was quite natural under the unfavourable conditions of the 
Andine habitat, Chaptalia was evolved. The pappus being retained 
in an efficient condition, the mountain path north along the 
Rockies, across the Alaska-Siberian bridge and south along the 
mountains of Asia, was open for Chaptalia, This migration took 
place in the upper Oligocene and on reaching the plains of China 
the genus suffered the natural changes on regaining a mesophytic 
habitat. Increased food supply led to a redevelopment of the 
aborted inner lip of the outer corollas and a reduction in the 
number of protective calyculine leaves; Chaptalia in this way 
became Gerbera on crossing the Alaska-Siberian bridge. 

The end of the Oligocene saw the initiation of a number of 
subsidiary lines of evolution, the most important of which was 
again connected with important geological events. The Mediter- 
ranean end of the Central Sea was undergoing considerable, 
shrinkage, and this led to the development of spines in the Jnuta 
group. At the same time mutational changes developed the flmbrillae 
of the receptacle into deeply lacerate alveoles, which surrounded the 
young fruits and to a certain extent prevented the pappus from 
exercising its normal function. The pappus setae, therefore, fused 
in various ways and the Buphthalminae originated. 

The shrinkage of the Central Sea continuing into the lower 
Miocene, a strongly insulated, semi-desert region was produced at 
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the eastern end of the Mediterranean, of which the dwarfed, re- 
duced, spinescent Gymnanhena was a natural inhabitant. The 
progressive elaboration of the style branches included the formation 
of the ring of hairs characteristic of the Cynareae and the 
orthogenetic economy in polliniferous tissue led to the further 
elaboration of the anther tails. By an elongation of the achene 
and a reduction in the length of the receptacular setae the pappus 
was again freed and Centanrea was produced. Being economical 
and easily dispersed by wind this type multiplied and spread to 
occupy the new habitat. 

About the same time (end of the Oligocene and beginning of 
the Miocene) another of the periodical invasions of the Amazon- 
ian headwaters took place. Two mountain tribes took part in this 
invasion and the new environment of moist woods and caatingas 
had the same effect in both cases. The pappus was again rendered 
of little use and as a consequence became more or less atrophied 
by fusion. This change was most pronounced in the Spilanthes 
coterie and the Calea (Galinsoginse) type was the result. The 
numerous progeny of the Andine Senecios were not so susceptible, 
and the fusion of pappus hairs was more or less confined to the 
outer rows ; the style branches in this case, however, underwent 
considerable elongation and Liabutn was the result. This genus 
afterwards re-ascended the Andes, undergoing the usual changes, 
becoming dwarfed and unicapitulate. 

A neighbouring region, the Chilian part of the Andes, was 
invaded more or less simultaneously by Mutisia and its fellow genera 
from the foot-hills. This regaining of a region where the conditions 
rendered the food-supply of the capitulum rather problematical led 
to the complete suppression of the large corollas of the ray florets. 
At the same time the plumose pappus was once again in a position 
to exercise its natural efficiency and reduction in the number of 
fruits was possible. This was affected by the sterilisation of some 
or all of the florets of the capitulum and Chuquiragua came into 
existence. 

Just as its cousin, or rather niece, Chaptalia raced along the 
mountain ranges on regaining an efficient pappus in a suitable 
environment, so did Chuquiragua. Like Chaptalia also, this new 
genus was transformed on crossing the Alaska-Siberian bridge by 
an increase in the corolla material, which was rendered possible by 
the mesophytic conditions of the upland plains of China. Ainsliaa 
is the name now giving to the transformed Chuquiragua. This 
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Ainslicea type reached South Africa at a much later date (lower 
Pliocene) by means of a greater development of the pappus which 
made migration easier. During the journey it underwent a few 
other slight changes and became Dicoma. 

To the north, in the Mexican region, the end of the Oligocene 
saw a descent from the mountains by the progeny of Gnaphalium. 
Such a migration to the moist wooded plains rendered the closely 
aggregated capitula of that genus unnecessary. Larger and less 
densely involucrate heads were developed, with some rounding off 
of the tips of the style branches, and a weedy habit was acquired. 
The result was Pluchea, another wanderer, which spread and 
developed largely on the other side of the Pacific. 

Miocene Period, 

Beyond a larger development of the Cynarese, with the initia- 
tion of the Carduus type, in response to the continued evolution of 
the semi-desert area of the eastern Mediterranean region, the lower 
Miocene was comparatively uneventful. The only other events 
were confined to the Mexican region. 

Gnaphalium again descended from the mountains, this time 
into the Californian valleys and, undergoing changes similar to 
those which originated Pluchea in a similar environment, it became 
Filago. This type, which like Pluchea spread to Asia, finally 
became well-developed in the Mediterranean and other regions 
lying on the path of migration. 

In the Mexican region also, about the same time, the descend- 
ants of Spilauthes having reverted to their distant Lobelioid 
ancestors in producing receptacular bracts, again came into line 
with the rest of the Compositse by omitting these accessory struct- 
ures. Continued existence in the favourable mesophytic environ- 
ment of the Mexican woods rendered the numerous involucral 
leaves of those forms unnecessary and the result of these two 
changes was the initiation of the Layia-Madia group. 

The middle Miocene, a geologically active period, was more 
eventful for the Compositse. The orthogenetic elongation of the 
appendages of the style branches continued in the Aster plexus 
and the production in the open Brazilian woods of forms which, 
with the abundant food supply, produced dense masses of capitula 
had an interesting result. The crowding of the heads gave little 
room for ray florets and, the food supply of the dense inflorescence 
being limited by the conductivity of the peduncle, each capitulum 
would get a distinctly limited supply. These factors led to the 
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suppression of the ray florets and the discoid Eupatorium was 
produced. A very similar development occurred in the Liabum 
group of the same region and Vernonia, which is very similar to 
Eupatorium in general form, was evolved. Both these genera 
spread across the Pacifle archipelago during the succeeding 
periods. 

The tendency to economise in fruit production was more or less 
general in these favourable regions at the foot of the Andes and it 
became very marked in some of the Brazilian Asters. Some of the 
capitula became completely sterile. Thus Bacchnris originated, 
and by travelling up and along the Andes reached such a diversity 
of habitats that it gave rise to a very varied group of species. 

In the Mexican region a considerable differentiation occurred, 
which was probably connected with the geological activity during 
the middle Miocene in and around what is now the Caribbean Sea, 
By changes in the colour of the ray florets in the Golden-rod tribe, 
similar to those which produced the Asters, combined with the 
always recurring suppression of the pappus, the Bellidinae 
originated. 

The tendency to reduction in the number of fruits produced 
by each capitulum, which had become well developed in the 
Melnmpodium plexus, was carried still further: the capitulum was 
reduced to a few flowers ; at the same time the large anterior lip of 
the ray florets became reduced and Clibadinm (Milleriinae) was 
developed. The same two tendencies were carried to extremes 
along another line in the same plexus. Partheninm, losing the 
aristae of the pappus and reducing the corolla of the female ray 
florets, became Parthenice. A still further reduction of the rays 
resulted in the genus Iva, in which the tendency to unisexuality of the 
flowers became so strong that unisexual capitula were developed 
in some of the other Ambrosiinse. These series, the Milleriinae and 
Ambrosiinae, represent the working out to the last possible stage 
of orthogenetic lines commenced under the influence of the success 
of the capitulum as a seed-producing arrangement, together with 
the reduction in available food material resulting from the gradual 
drying up of the originally mesophytic environment as the shrink- 
ing of the Central Sea continued. In the mesophytic wooded 
localities which were left the Spilanthes group continued to thrive, 
and in some rather unsuccessful forms the awned pappus of the ray 
florets was lost by the mutation, common throughout the family, 
which resulted in the suppression of the achenial hairs and pappus. 
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Conditions being favourable these forms continued to exist, and, 
requiring something to replace the lost pappus, developed a 
substitute by rendering the corolla of the ray florets persistent. 
When the disc florets were fertile the awns were present or, if the 
loss mutation extended to all the flowers in the capitulum, tuber* 
culations of the pericarp in the achenes of the disc were sometimes 
developed for dispersal purposes to replace the lost structures. 
These cases and the original development of the achenial hairs 
into a pappus are examples of the general rule that lost structures 
are not re-developed but are replaced by something similar 
developed from parts which are still present. 

The other end of the Central Sea in the Mediterranean region 
was also active geologically during the middle Miocene. The 
continued evolution of the semi-desert region, with dryness and 
strong insolation as predominant characteristics, produced the 
spiny group (Scolyminse) of the Cichorieae. The changes in climate 
resulting from the alternating sinkings and uprisings of considerable 
stretches of the land surface were doubtless responsible for a 
considerable proportion of the diversity of forms produced in the 
Cichorieae at this time. 

One of the most interesting events of the middle Miocene was 
the origin of Helicfirysutii from the Gnaplmlinm line in South Africa. 
Senecio and Gnaphalium had by that time become established in 
this region, and finding the climate in these similar latitudes rather 
like that of their Andine home, as far as aridity, insolation, etc, 
were concerned, these two genera multiplied abundantly, Gnapha- 
lium, more accustomed to living near the snow-line, yielded earlier 
than Senecio to the difference in altitude, and Helichrysum was 
produced. This genus was so suited to the conditions on account 
of its epharmonic origin that its numbers soon exceeded in a very 
marked degree those of its parent. 

Probably on account of its lower physiological differentiation 
Senecio was slower in yielding, but in the succeeding period, the 
upper Miocene, it gave Ursinia by the changes which usually 
resulted from the attainment of a more favourable environment, 
where food material was abundant and wind-dispersal rather uncer- 
tain. The ray florets became neuter and the reduction in the 
number of fruits per capitulum was carried further by the sterilisa- 
tion of the inner disc florets. At the same time fusion of the pappus 
setae was accompanied by a development of the flmbrillse of the 
receptacle to form flat setae. 
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As time went on this new genus spread to the arid, 8emi*desert 
regions which were increasing in South Africa in the evening of the 
Miocene day ; the dryness and strong insolation had the same 
result as they had at an earlier date in the Mediterranean region. 
The type became spinescent {Berkhtya) ; reduction and aggregation 
continuing, as they did again later to produce Echinops among the 
thistles, the dense glomerules of the spinescent Gundelia and 
Platycarpha originated. 

In addition to the origin of Ursinia the upper Miocene in 
South Africa saw the origin of the Athrixia line. The Inula group 
was by this time well represented in South Africa and a reduction 
in the corolla of the ray florets occurred, similar to that which had 
previously taken place in the similarly arid part of the Mediterra- 
nean region. This with othervery slight changesgave the Athrixiinse. 
On account of the continued drying up of the region, which produced 
a distinctly xerophytic habitat, the flat or slightly recurved leaves of 
Athrixia became much reduced and practically ericoid. The semi- 
shruhby habit changed at the same time into the typical xeromorphic 
shrubby habit. These conditions also led to a reduced or depau- 
perate condition in the capitulum ; very few flowers were developed 
in each head and this led to the usual aggregation. By these 
epharmonic adaptations Relhania and its congeners were originated. 

Helichrysum by this time was well developed in South Africa 
and the xerophytic conditions had almost the same effects on this 
genus as they had on Athrixia. So much so that epharmosis, in 
this case as in many others, led to convergent evolution, and the 
present systematic group Relhaniinse includes both Relhania and 
Metalasia, which latter was the product of the second series of 
epharmonic variations. 

A neighbouring event of this time was the origin of the 
Orangeinse in tropical Africa. The Asters and Brigerons had 
followed Senecio along the lower levels of the mountains and on 
attaining the very favourable conditions yielded by the tropical 
African scrub underwent the usual reductions. The pappus first 
became reduced or caducous and then disappeared completely. At 
thesame time the tendency to reduction of the rays, which was so well 
developed in the Aster plexus resulted in reduced ray florets. 

Meanwhile the Senecioneae in Mexico were again being affected 
by the mesophytic conditions which had previously led to the fusion 
of the pappus setae in the origin of the Galinsoginae, Madiinae and 
Liabinse near the beginning of the Miocene. In this case the 
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Heleniese were originated. In all four cases a tendency to lateral 
fusion of the pappus hairs was present, and similar climatic and 
other ecological conditions are indicated by other data. 

About the same time the tendency to reduction in the number 
of fruits, which is seen in the Melampodium line, became effective 
in the ancestral plexus of that genus and the one-flowered capitulum 
of Lagascea was developed in the Mexican region. In the northern 
sub-arctic regions of Asia the cold and other adverse conditions, 
including the short vegetative season, induced some of the 
Senecioninse to assume the geophilous habit of Petasites, 

Pliocene Period. 

Events in the lower Pliocene occurred chiefly in theOld World 
and notably in South Africa. The above-mentioned origin of the 
Metalasia, Relhania and Berkheya groups and of the Tarchonanthinse 
took place then. In addition those Senecioninse in South Africa 
which were fortunate enough to have occupied the moist valleys 
found a reduction in fruit-number possible and the disc florets 
became sterile. As usual such conditions resulted in the reduction 
or complete suppression of the pappus, which was replaced in this 
case by bent apical beaks, tuberculations, and other structures 
suitable for animal dispersal. In this way the Calenduleae were 
developed. 

Differentiation in the Mediterranean region was active chiefly 
in the Cynareae as far as sub-tribes were concerned; the two groups 
of the Carlininae and the Bchinopsidinae with aggregated, few- 
flowered capitula are probably the result of the working out to 
the furthest limits of efficiency of the two tendencies, aggregation 
and reduction. A large development of the Carduinse is also 
suggested. 

Reduction and aggregation were nearing the limits of efficiency 
in other tribes also and similar “ end-products ” can be traced in 
other geographical regions. Within the limits of efficiency but 
showing reduction came the Adenostylinae via Brickellia, but in the 
same Eupalorium plexus the limits were passed in the Piqueriinae 
which, originating in Adenostemma, remained as a consequence of 
their inefficiency a small, restricted group. These were Brazilian 
events and in the same region a parallel development occurred in 
the Vernonieae, where the few-flowered, aggregated capitula of the 
Lychnophorinae were developed in Elephantopus, Another very 
similar development occurred in the origin of the reduced, dioecious 
and geographically restricted Petrobiinse in the Chilian region. 
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By the time the middle Pliocene was reached most of the sub* 
tribes of the Compositae had been differentiated and events occurred 
only in rather outlying regions. In Australia the Helichrysum line 
developed the same “end product" as the above groups in the 
reduced, few-flowered, aggregated capitula of the Angianthinse. In 
South Africa the main stock of the family, the Senecioninse, 
retaining its vitality to the last, gave off the Othonninae by the 
fusion of the periclinal bracts. The only later sub-tribe to arise 
was the small group Gundeliinae, another few-flowered, aggregated 
“end-product," which as mentioned above was produced in the 
same region from the Berkheya line in the upper Pliocene. 

The upper Pliocene and the succeeding geological period were 
characterised by generic, specific and varietal differentiation rather 
than by the origin of larger groups. This is probably due to the 
short period of time which has elapsed since the middle Pliocene 
and, perhaps even in a greater degree, to the more settled climatic 
conditions of the earth as a whole. 

It will be seen that a few fundamental tendencies or ortho- 
genetic lines, largely if not entirely due to epharmonic variation, 
can be traced throughout the various tribes in their wanderings 
over the surface of the earth during the Tertiary evolution of 
climate. Little else is required to account fur the main variations 
in form and physiology of the Compositie and that little can be 
supplied by mutational phenomena such as we are accustomed to 
at the present time. 

This is the story of the CompositHe in time and space and it is 
hoped that what has been lost in scientific accuracy has been 
regained to some extent in the coherence of the narrative. In any 
case the strictly scientific synantherologist is referred for facts to 
the preceding chapters and he can neglect and forget this attempt 
to bring a real, living picture of the origin and development of the 
Compositse before the mind of the ordinary student. 
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